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ABSTRACT 
 
Objectives: 
The purpose of this study was to evaluate the effects of clinical-used cleansers on the 
color stability of temporary restorative materials via spectrophotometric analysis. 
 
Materials and Methods: 
A total of 256 specimens fabricated from four temporary restorative materials 
(Protemp™ Plus; Tempsmart™; Jet Tooth Shade™; VITA CAD-Temp™) were soaked 
for ten minutes or three hours in the following cleanser: temporary cement remover 
ultrasonic cleaning solution (TS), general purpose ultrasonic cleaning solution (GS), 
plaster and stone remover ultrasonic cleaning solution (PS) or water (control). 
Subsequently, the specimens were immersed for twenty-four hours in a blueberry juice or 
water (control). This procedure was repeated three cycles. Color measurements were 
 vii 
performed by spectrophotometer after every immersion. Color differences (Delta E*) 
were evaluated using the CIE L*a* b* color system. Results were submitted to analysis 
of variance and Tukey honest significant difference test (p<0.001). Data were analyzed 
statistically by repeated measures (ANOVA); one, two and three way ANOVA, and 
Tukey HSD multiple comparison tests. 
 
Results:  
Under the conditions of this study, Jet Tooth Shade™ was more color stable. 
Tempsmart™ displayed greater color change, especially in PS and TS. In ten minutes 
cleaning protocol, the color changes in all temporary restorative materials were 
demonstrated clinically acceptable color changes for all cleaning solutions during the 
three repeated cycles of immersion in cleansers. 
 
Conclusions:  
All the clinical cleansers used in the study affected the color values of temporary 
restorative materials. Furthermore, Delta E* values increased along with the number of 
immersion cycles and immersion time.  
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Chapter 1 – INTRODUCTION 
 
According to The Glossary of Prosthodontic Terms Ninth Edition, the term temporary 
prosthesis is defined as “a fixed or removable dental prosthesis, or maxillofacial 
prosthesis, designed to enhance esthetics, stabilization, and/or function for a limited 
period of time, after which it is to be replaced by a definitive dental or maxillofacial 
prosthesis; often such prostheses are used to assist in determination of the therapeutic 
effectiveness of a specific treatment plan or the form and function of the planned for 
definitive prosthesis”. A temporary restoration serves the purpose of restoring function, 
pulpal protection, thermal insulation, leakage prevention, protection of periodontal 
tissues, stabilization of the occlusion, and as a guide for diagnostic evaluation prior to the 
fabrication of the final restoration.  Design of an ideal temporary restoration considers not 
only the esthetic, but as well as the diagnostic and physiologic factors that it can provide 
(Zimmer ID et al. 1989).  
 
One of the major purposes of a temporary restoration is esthetics. Esthetics is often the 
patient’s primary concern. With complex oral rehabilitation, the treatment time is often 
prolonged; therefore, temporary restorations are required to function for an extended 
period of time. An ideal temporary restoration need to withstand unwanted staining and 
fracturing of the temporary restorations. When prevention of staining and fracturing are 
not met, this may result in patient dissatisfaction and additional cost for temporary 
replacement.  
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Color stability of the temporary restorative materials is an essential factor with great 
influence on the success of prosthetic rehabilitation especially in esthetically critical area. 
Considered during the stage of temporary restorations, patients focus their concern on the 
function and esthetics of the restorations. Therefore, the ideal temporary restorations need 
to have the properties which can provide shade stability for aesthetic as well as structural 
integrity for function.  
 
Various published studies had been done measuring the color stability of temporary 
restorative materials upon exposure to staining agents, mouth rinses and denture cleaning 
solutions. However currently, there is no available reports on the effect of clinical 
cleaning solutions on the color stability of temporary restorative materials. As well as the 
effect of immersion time of the cleaning solutions on color stability during the period of 
treatment.  
 
In view of the foregoing, the aim of this study is to compare the color stability of four 
most commonly clinical used temporary restorative materials namely Protemp™ Plus 
(3M ESPE, USA), Tempsmart™ (GC America, Inc.) bis-acryl composite resins, Jet 
Tooth Shade™ (Lang Dental Mfg. Co., Inc, USA) a polymethyl methacrylate and VITA 
CAD-Temp™ (VITA North America) a microfiller reinforced polyacrylic resin when 
immersed in different cleaning solutions and beverage over three repeated cycles, with 
different immersion time simulating different periods of treatment.  
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1.1 Temporary Restorative Materials 
 
1.1.1 Basic Requirements of Temporary Restorative Materials 
 
Temporary restorative materials are utilized by the clinician to restore the tooth 
temporarily until permanent restoration can be delivered. The temporary restoration 
covers the prepared tooth and provides pulpal protection, thermal insulation, and forms 
an intimate seal with the prepared tooth minimizing leakage during the fabrication of the 
definitive prosthesis (Funda Bayindir et al. 2012). 
 
The quality of the temporary restoration has a direct relationship with the prognosis of a 
fixed restorative procedure. Various types of temporary restorative materials are available 
for fabrication of temporary restorations. With implant treatment and complex 
rehabilitation, treatment duration can last for an extended period of time. During this 
time, the patient is required to wear long-term temporary restorations which need to 
withstand an extended period of functional loading. Hence, in addition to strong 
mechanical properties, temporary materials should also possess properties of color 
stability for esthetics, as well as marginal integrity for ideal soft tissue healing and 
contouring. (Mohammad M. Rayan et al. 2015; D. Krishna Prasad et al. 2014). 
 
In addition to the value of protection, function and stabilization, ideal temporary 
restorations also serve as a template for the clinicians to evaluate the contour of the tooth, 
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occlusion and esthetic prior to the completion of definitive procedures. It’s important to 
provide detailed diagnostic information in order to develop an optimum treatment plan. 
Moreover, utilization of the temporary restorations improves communication between 
clinicians and the patients, providing patients with a clear understanding of the expected 
treatment outcome and identifying of the treatment limitations (David R. Burns et al. 
2003). 
 
1.1.2 Materials Used for Temporary Restorations 
 
There are two commonly used technique for fabricating temporary restorations. First 
technique is to utilize preformed material and the second technique is to utilize custom 
fabricated materials. These two techniques can be accomplished by methods of direct 
clinical, indirect laboratory, or direct/indirect combination techniques. Disadvantages of 
the indirect techniques are the increase in fabrication cost, requirement of special 
equipment and increased laboratory time for fabrication (David R. Burns et al. 2003). 
 
1.1.2.1 Preformed Materials 
 
Preformed temporary crowns or matrices usually are tooth-shaped shells made with 
different materials such as plastic, cellulose acetate, or metal. These preformed temporary 
crowns are available in various tooth contours and sizes and can be selected based on the 
desired tooth anatomy. Compared with custom fabricated restorations, temporization with 
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preformed materials is less time consuming to perform; however, they are more subject to 
improper fitment, contour, or occlusal contact due to inadequate treatment outcomes 
(Somil Mathur et al. 2013; Burns et al. 2003). 
 
The process of temporization using preformed crowns includes the use of stainless steel 
and aluminum crowns, polycarbonate, and celluloid crown forms lined with acrylic or 
bis-acrylic composite materials. The preformed crown will become the outer surface of 
the temporary crown, and an acrylic or bis-acrylic composite material or strong cement 
will occupy the inner portion of the crown. As previously mentioned, this method may be 
time saving, particularly in emergency situations when the patient has a fractured tooth, 
but does not consistently produce successful temporization when less than ideal situations 
exist. These crowns come in many sizes and tooth forms; the mesial-distal width is 
measured for the most appropriate fit. A crown with exact interproximal and length 
dimensions may require considerable adjustment of the preformed crown. Because the 
prepared tooth is much smaller than this preformed shell, a reline of acrylic or bis-acrylic 
composite material is generally required. Metal crowns are generally used only in 
posterior cases, with polycarbonate and celluloid forms used on anterior teeth since metal 
crowns can be easily adapted and have sufficient strength to withstand molar bite force 
without breaking. However, disadvantages of metal crowns include possible galvanic 
reaction as well as poor esthetics. New prefabricated light-cured composite crowns do not 
need to be lined with an additional material. These crowns are preformed in various 
shapes and sizes, and adjustments are necessary prior to light curing. Preformed crowns 
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may be used for single crowns only and are not appropriate for temporary bridges (Carol 
Dixon Hatrick and W. Stephan Eakle 2015). 
 
1.1.2.2 Custom Fabricated Materials 
 
Custom fabricated restorations can be made using various types of acrylic resins and the 
procedure can be done clinically or in laboratory. Advantage of utilizing custom 
fabricated restorations is the temporary restoration can provide an intimate contact and 
seal between the prepared tooth structure and the temporary restoration. Conversely, the 
disadvantage of this technique is that a preliminary impression of the teeth must be taken 
prior to preparation so that a matrix of the original tooth can be made and used to 
construct the temporary restorations.  
 
The fabrication of temporary restorations can then be done directly intra-orally or 
indirectly. Fabricating the temporary restorations indirectly on a cast allows access to the 
margins to polish and contour the restorations producing a more accurate margin. 
Nevertheless, with multiple prepared teeth, direct fabrication of temporary restorations is 
the preferred method of fabricating temporary restorations. 
 
Custom fabricated temporary restorative materials may be divided into the following 
categories depending on the polymerization process of converting from plastic to solid –
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elastic masses. Below are the different polymerization that are used (Somil Mathur et al. 
2013; Funda Bayindir et al. 2012). 
 
◦ Chemically activated autopolymerizing acrylic resins 
◦ Heat activated acrylic resins 
◦ Light activated acrylic resins 
◦ Dual light and chemically activated acrylic resins 
◦ Other (Alloys) 
 
Of the various types of temporary restorative materials, the most commonly utilized 
material is acrylic resins. Structurally, acrylic resins used for temporary restorations have 
a weak structural integrity and are brittle. However, the ease of alteration by additions or 
subtractions makes this material a great material to work with. Below are the different 
types of acrylic resins used are: (Somil Mathur et al. 2013; David R. Burns et al. 2003) 
 
◦ Polymethyl methacrylate resins (PMMA) 
◦ Polyethyl methacrylate resins (PEMA)  
◦ Other types or combinations of unfilled methacrylate resins 
◦ Bis-acrylic resin 
◦ Composites 
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▪ Polymethyl Methacrylate 
 
Polymethyl methacrylates (PMMA) was first introduced around 1940s, and has since 
been frequently utilized material for temporary restoration fabrication. Studies have 
shown that PMMA have the greatest strength, higher flexural strength when compared to 
other methacrylate and composite resins. In addition, studies have shown that the fracture 
toughness and resistance to crack propagation are highest for polymethyl methacrylates 
(PMMA), followed by bis-GMA resins and polyethyl methacrylate (PEMA). Polymethyl 
methacrylate has been shown to exhibit the greatest strength of the methacrylate resins, 
and also a higher flexural strength than composite resins (Mayer T 1995; Osman YI and  
Owen CP 1993). 
 
The color stability of temporary restorative materials was studied by Crispin and Caputo. 
The study included three different materials of methyl methacrylate materials, ethyl 
methacrylate, and vinyl ethyl methacrylate.  The result demonstrated the material with the 
least staining was methyl methacrylate materials, followed by ethyl methacrylate and 
vinyl ethyl methacrylate materials. In addition, the study reported that a direct 
relationship between surface roughness and the extend of the staining. Although this 
material has good handling properties; however, due to a low abrasion resistance, wear of 
the material can be observed over time. Currently some of the commercially available 
PMMA materials include Alike (GC America, Alsip, Ill), Jet (Lang Dental, Wheeling, 
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Ill), and Trim Plus (Harry J. Bosworth, Skokie, Ill) (Sen D et al. 2002; Crispin BJ and 
Camputo AA 1979). 
 
Due to its superior physical characteristics, PMMA is the preferred material to be used 
when indirect method fabrication is desired (Duke ES 1999; Kaiser DA and Cavazos E 
Jr. 1985). PMMA can also be used intra-orally; however, the major drawback is 
triggering of pulpal death due to high increase in intra-pulpal temperature associated with 
their polymerization process. Studies done by Plant et al. have shown that polymerization 
process of methyl methacrylate can rise intra-pulpal temperature as much as five times 
when compared to normal consumed hot liquid. During the polymerization process 
protoplasm coagulation, expansion of the liquid in the dentinal tubules and the pulp with 
increased outward flow from the tubules, vascular injuries and tissue necrosis are thought 
to be the mechanism of action (Burns DR et al 2003; Nyborg H and Brannstrom M 
1968). 
 
▪ Polyethyl Methacrylate 
 
Polyethyl methacrylate (PEMA) was introduced in the 1960s as a powder liquid 
formulation that polymerizes through self-curing. The powder component consists of 
polymer and benzoyl peroxide while the liquid consists of mainly ethyl methacrylate. 
Due to its lower exothermic reaction, polymerization shrinkage, as well as less pungent 
odor, ethyl methacrylate may be a better selection for direct fabrication of temporary 
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prosthesis. Other advantages of using ethyl methacrylate include good handling 
characteristics, good polishability, and good stain resistance which all contributes to a 
good esthetic appeal (Somil Mathur et al. 2013; Gregori Kurtzman 2008). However, ethyl 
methacrylate has a lower surface hardness, fracture toughness, and transverse strength 
when compared to polymethyl methacrylate. In addition, the wear resistance and color 
stability are inferior to the newer materials, thus making it a best choice for short-term 
use relative to methyl methacrylate (Hernandez EP et al. 2004).  
 
▪ Vinyl-ethyl and Butyl Methacrylates 
 
Polyethyl methacrylate, vinyl-ethyl and butyl methacrylate are similar materials with 
comparable clinical behavior. PVEMA is a powder-liquid formulation that also auto-
polymerizes. When compared to PMMA, the color stability of PVEMA is less superior. 
However, lower exothermic reaction during polymerization causes less damage to the 
pulp (David R. Burns et al. 2003; Grajower R et al.1979). Below are some commercially 
available PVEMA materials: 
 
◦ Snap (Parkell, Farmington, NY) 
◦ Trim (Harry J.Bosworth, Skokie, Ill) 
◦ Trim II (Harry J. Bosworth,Skokie, Ill) 
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▪ Bis-acryl Resin 
 
Nowadays, most of bis-acryl materials are designed with an auto-mix delivery system. 
Although it’s expensive but easy to manipulate and save time. Bis-acryl materials and 
other composite materials are compatible; however, it’s not suggested to repair and reline 
due to dissimilar chemistry. According to Koumjian and Nimmo’ study, 85% decrease in 
transverse strength of bis-acryl material was shown after repairing, suggesting it’s better 
to fabricate a new temporary restoration than repairing. Besides, in terms of occlusion, 
contour, marginal fidelity, and finish, bis-acryl materials seems more superior to PMMA 
in all aspects. However, Yannikakis et al reported that all temporary restorative materials 
revealed perceptible color changes after one-week immersion of multiple staining 
solutions. And PMMA demonstrated the highest color stability; bis-acryl materials were 
the worst one after one month. (Young HM et al. 2001; Yannikakis SA et al. 1998; 
Koumjian JH and Nimmo A 1990; Lui TL et al. 1986). 
 
Polymerization of bis-acryl resins produces low exothermic reactions, which causes less 
damage to the pulp. In addition, due to its low shrinkage properties, a good marginal fit 
and good transverse strength is exhibit. During the polymerization process, a thick 
oxygen inhibited layer is produced on the surface acting making bis-acrly less stain 
resistant when compared to methacrylate. It also demonstrates enhanced micro-hardness 
and resistance to wear compared to PMMA; however, they are more structurally brittle 
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(Strassler HE et al. 2007; Guler AU et al. 2005; Lieu C et al. 2001; Diaz-Arnold M et al. 
1999). 
 
Comparing different processes of polymerization between auto polymerized, dual 
polymerized and visible light polymerized bis-acryl materials, Luthardt et al. concluded 
that auto-polymerizing material offered clinical benefit that was not observed with light 
and dual polymerizing materials. And that clinical advantage would be the time available 
to mould and modify the resin to the desired contours prior to initiating the 
polymerization process. Though the material cost of bis-acryls is more expensive then 
polymethyl methacrylate; however, the superior esthetics bis-acrly can achieve makes 
them better material selection for anterior temporary restorations (Somil Mathur et al. 
2013; Luthardt RG et al. 2000).  Below are some of the commercially available auto 
polymerized bis-acryl: 
 
◦ Bis Jet (Lang Dental, Wheeling, Ill) 
◦ Luxatemp (Zenith/DMG, Englewood, NJ) 
◦ ProtempII (ESPE, Plymouth Meeting, Pa) 
◦ Dual polymerized bis acryl resins include Iso Temp (3M Dental, St. Paul, Minn) 
◦ Luxatemp Solar (Zenith/ DMG, Englewood, NJ) 
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▪ Composite 
 
Due to good mechanical, esthetic properties and low cost price, composite materials are 
widely used in dentistry. It can mimic tooth appearance in terms of micro-texture, gloss 
and color contributing to high clinical success. Composite temporary materials are 
chemically synthesized of combination of two or more types of materials; therefore, it is 
included in different types of category. Most of these materials use bis-acryl resin, a 
hydrophobic material which is similar to bisphenol-A-glycidyl methacrylate (bis-GMA). 
During the polymerization process, it exhibits a rubbery stage due to high-density cross 
linkages produced by acrylic resin monomers. These materials can be utilized as auto-
polymerized, visible light-polymerized or dual- (auto/visible light) polymerized forms 
(Stefano Ardu et al. 2013; David R. Burns et al. 2003). 
 
The visible light polymerized (VLC) materials were first introduced in the 1980s. There 
is limited choice of shade and expensive. It contains an additional resin, urethane 
dimethacrylate, catalyzed with visible light energy and a camphoroquinone/ amine photo 
initiator during polymerization. In order to improve physical properties like reduced 
polymerization shrinkage, a kind of filler such as microfine silica toimprove was added to 
VLC. Besides, VLC revealed less tissue toxicity after polymerization compared to 
PMMA due to not produce residual monomers. In term of surface hardness, wear 
resistance and the transverse strength, VLC is also an acceptable choice of material. 
However, extended usage as a long term temporary restorative restorations had shown to 
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be less ideal due to its poor stain resistance. In addition, due to its brittle physical 
characteristic demonstrated by study done by Prestipino et al, it’s suggested not to use 
VLC for posterior temporization (Ireland MF et al. 1998; Passon C and Goldfogel M 
1990; Prestipino V 1989; Haddix JE 1988). 
 
1.2 Color Stability 
 
1.2.1 Color Stability of Temporary Restorations 
 
Temporary restorations especially in esthetically critical areas should provide an accurate 
shade and maintain color stable over all the treatment time. Nowadays temporary 
restorative materials are frequently added stabilizers in order to decrease chemically 
induced discoloration. However, when temporary restorative materials contact pigmented 
solutions potentially promoting staining, color change might happen; Hence, stainability 
becomes one of concerns in the selection of temporary restorative material. The color 
alteration is an issue associated with extrinsic staining and intrinsic discoloration during 
clinical use (Yannikakis SA et al. 1998; Scotti R et al. 1997; Doray PG et al. 1997). 
 
1.2.2 Factors Affecting Color Stability 
 
There are number of factors that can affect the color stability of the temporary 
restorations. These factors include the physical and chemical properties of the resin, 
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water sorption, incomplete polymerization, porosity, chemical reactivity, diet, oral 
hygiene and surface roughness. In an attempt to improve on the color stability of 
temporary restorations, research has been conducted on the factors affecting color 
stability. Recommendations include the use of a particular type of material as it has a 
better color stability in vitro, and the use of different polishing techniques of temporary 
restorations to achieve a smooth surface with a resultant improvement in color stability 
(D. Krishna Prasad et al. 2014; Guler AU et al. 2005; Sham AS et al. 2004; Scotti R et al. 
1997). 
 
1.3 Staining of Restorations 
 
Aesthetic restorative materials are stained by various foods. Various studies had tested 
solutions of tea, coffee or artificial saliva to evaluate the color stability of temporary 
restorative materials. Bagheri et al (2005) found that coffee, red wine and tea caused 
more staining of the restorative materials tested compared to any other food simulating 
solutions such as soy sauce and cola. According to Omata et al’s study, the composite 
resin temporary restorative materials immersed in the wine revealing the most significant 
discoloration due to high concentration of anthocyanins. Among anthocyanins, 
cyaniding-3-glucoside mainly contributes to discoloration and it is water soluble. Other 
studies have shown that the color change of temporary restorative materials varies with 
the staining agent, concentration of the staining agent and the duration of exposure to the 
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staining agent (Scott Hollis et al. 2015; Winny Routray and Valerie Orsat 2011; Bagheri 
et al 2005; GulerAU et al. 2005).  
 
Current effective disinfection methods can be divided into chemical and physical ways. 
Due to affinity to adsorption into an aqueous media of resin-based materials, water 
resorption may play a negative role in the physical and mechanical properties. Moreover, 
discoloration may not be avoidable once the resin material is immersed in colorant 
solutions over extended period. It is proved that bleaching or whitening effect over resin-
based materials may come from chemical disinfectants and denture cleansers, and even 
distilled water may cause color change (Faiza Amin et al. 2014). 
 
Influence of staining materials such as tea, coffee, red wine and mouth rinses on the 
temporary restorative materials have been reported on various studies. However, 
currently there is a lack of research on the effect of these clinical cleaning solutions on 
the color stability of temporary restorative materials. Hence, this study is to investigate 
the color stability of four commercially available temporary restorative materials when 
immersed in different clinical cleaning solutions and beverage at varying time intervals. 
 
1.4 Color Measurement 
 
1.4.1 Factors that Affect Color Measurement of a Material 
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Color measurement of a material depends not only on the actual color of the surface but 
also on variations in correlated color temperature of illumination, the roughness of the 
surface, specimen thickness and background color contributing to different color 
perception (Ghinea R et al. 2011; Lee YK et al. 2011; Ardu S et al. 2010; Schmeling M et 
al. 2010). 
 
Background color can affect the appearance of an object, but there’s still no consensus in 
literature in the past years. In vivo study, Stefano Ardu found that background can distort 
the perception of color.  When compared to white background, black and grey 
backgrounds better simulate the intra-oral condition. According to Newman–Keuls post 
hoc test indicates that there was no significant differences observed between black and 50 
% grey (p > 0.05) (Stefano Ardu et al. 2013).  
 
1.4.2 Instruments Used for Color Determination 
 
There are two commonly used methods for measuring color: one is color measuring 
devices, another one is visual inspection by human eyes. Perceptions of color are highly 
subjective, as it involves many variables including light conditions, surrounding colors, 
experience, age, fatigue of the human eye and color blindness. Hence, consistent 
judgment is difficult to be standardized. On the other hand, instrument measurements 
provide color measurement confidence and consistency including increasing precision, 
accuracy and repeatability (Paul SJ et al 2004).  
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Improved objective methods for color determination have been developed for years. 
Color measurement is commonly done with shade guides, colorimeters and 
spectrophotometers in dentistry. Shade guides are frequently used as the primary source 
in color interpretation of indirect restorations. However, current available shade guide 
systems can vary greatly and lack standardization. Some system use hue as the basis but 
does not address value, while others with shade tabs have broader ΔE*. Therefore, in 
order to increase the accuracy and reproducibility in color match, two main categories of 
electronic instruments have been recommended to measure color stability of dental 
materials: colorimeters and spectrophotometers (Paul SJ et al. 2004; Um CM and Ruyter 
IE 1991).  
 
The color measurement of colorimeters and spectrophotometers is based on digital 
expression of the color achieved from an object to reduce the subjective errors from 
naked eyes. Both instruments allow to quantify the color with the advantages of 
repeatability and objectivity. Spectrophotometers offer higher precision with every 1–10 
nm of the visible spectrum analysis and are capable of performing complex color analysis 
such as metamerism and identifying colorant strength as it can determine the spectral 
reflectance at each wavelength. Colorimeters can determine tristimulus easily and are 
designed by the filter mimicking three human eye receptors, being red, green and blue. 
Due to lower accuracy and limitations of colorimeters, Color i5 Spectrophotometer (X-
rite), was used for the color measurement in this study.  
 
 19 
1.4.3 Determination of Color Changes 
 
Spectrophotometer measuring color change (ΔE*) values was determined by using the 
Commision Internationalede l’ Eclairage L* a* b* (CIELab) colorimetric system. The 
color difference (ΔE*) of two specimens was calculated as differences in L*, a* and b* 
values. The formula used for calculating color differences in this system = 
 
where the initial (1) and final (2) are color descriptors, a* and b* are on the chromatic 
scale and have no specific numerical limits: a* indicates the red-green chromaticity. A 
positive a* value refers to the amount of red, and a negative a* corresponds with green; a 
positive b* value refers to the amount of yellow, and a negative b* corresponds with 
blue; and L* represents the brightness (black to white) of an object on a scale of 0 (black) 
to 100 (white) (Funda Bayindir et al. 2012; Haselton DR et al. 2005). 
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Chapter 2 – OBJECTIVES OF STUDY  
 
2.1 Purpose of Study 
The purpose of this in vitro study was to investigate the color stability of four temporary 
restorative materials commonly used in esthetically critical areas showed perceptible 
color changes upon exposure to different cleaning solutions and beverage. 
 
2.2 Importance of Study  
Temporary restorative materials are widely used; however, there are few in vitro and in 
vivo studies on the use of temporary restorative materials upon exposure to different 
clinical-used cleaning solutions.  
 
2.3 Null Hypothesis 
(1) There is no difference in color stability of temporary restorative materials exposed to 
different cleaning solutions and beverage immersion.  
(2) The type of cleansers and immersion time of cleansers would have no influence on 
the color stability of temporary restorative materials. 
(3) There is no difference in color stability of four temporary restorative materials after 
one to three repeated cycles. 
(4) There is no difference in color stability among tested four temporary restorative 
materials after cleaning, beverage immersion and repeated cycles. 
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2.4 Specific Aims 
1. Test the color stability of four temporary restorative materials exposed to different 
cleaning solutions using a spectrophotometer. 
2. Test the color stability of four temporary restorative materials exposed to different 
cleaning immersion time using a spectrophotometer. 
3. Evaluate whether repeated cycles of cleaning solutions affect color stability of four 
temporary restorative materials.   
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Chapter 3 – MATERIALS AND METHODS 
 
3.1 Specimen Preparation for Measurement of Color  
 
3.1.1 Study Sample 
 
Four commonly used temporary restorative materials (Fig. 3.1, 3.2, 3.3, 3.4), three 
cleaning solutions (Temporary cement remover ultrasonic cleaning solution, General 
purpose ultrasonic cleaning solution, and Plaster and stone remover ultrasonic cleaning 
solution) (Fig. 3.5, 3.6, 3.7) and one beverage (Trop50® Pomegranate Blueberry) (Fig. 
3.8) were chosen for this study. The four resin materials were auto-polymerized bis-acryl 
based resin (Protemp™ Plus and Tempsmart™ Temporary Crown and Bridge Material), 
auto-polymerized polymethyl methacrylate (PMMA)-based resin (Jet Tooth Shade™ 
Self-Curing Acrylic Resin), and microfiller reinforced polyacrylic resin (VITA CAD-
Temp™ monoColor Composite Blocks for CEREC® and inLab). The materials used 
were similar baseline A2 shade. The detail of material information is summarized in 
Table 3.1 and 3.2. 
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Table 3. 1  Temporary Resin Materials Used in This Study 
Code Commercial Material Composition Polymerization Shade Manufacturer 
P 
Protemp™ Plus 
(LOT:641406) 
Bis-acryl-
based 
Chemical 
polymerizing 
A2 3M ESPE, USA 
T 
Tempsmart™ Temporary 
Crown and Bridge 
Material 
(LOT:1608231) 
Bis-acryl-
based 
Chemical 
Polymerizing 
A2 
GC America, 
Inc. 
J 
Jet Tooth Shade™ Self-
Curing Acrylic Resin 
(LOT:600716AC/02AK) 
PMMA-based 
Chemical 
polymerizing 
62 
Lang Dental 
Mfg. Co., Inc, 
USA 
V 
VITA CAD-Temp™ 
monoColor Composite 
Blocks for CEREC® and 
inLab 
(LOT:59600) 
Microfiller 
Reinforced 
Polyacrylic 
 2M2T 
VITA North 
America 
 
   
Figure 3. 1  Protemp™ Plus 
Manufacturer:  3M ESPE, USA 
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Figure 3. 2  Tempsmart™ Temporary Crown and Bridge Material 
Manufacturer:  GC America, Inc. 
 
   
Figure 3. 3  Jet Tooth Shade™ Self-Curing Acrylic Resin 
Manufacturer:  Lang Dental Mfg. Co., Inc, USA 
 
 
 
Figure 3. 4  VITA CAD-Temp™ monoColor Composite Blocks for CEREC® and inLab 
Manufacturer:  VITA Zahnfabrik H. Rauter GmbH & Co., Germany 
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Table 3. 2  Details of Cleaning Solutions and Beverage  
Code Material Type Composition Manufacturer 
TS 
Temporary Cement 
Remover Ultrasonic 
Cleaning Solution 
Cleanser 
Sodium Hydroxide 
(5 ~ 10 by weight) 
Benco Dental Supply 
Company, PA, USA 
GS 
General Purpose 
Ultrasonic Cleaning 
Solution 
Cleanser 
Isopropyl Alcohol 
(1 ~ 5 by weight) 
Ethoxylated Alcohols 
Phosphate Ester (C810) 
(1 ~ 5 by weight) 
Benco Dental Supply 
Company, PA, USA 
PS 
Plaster and Stone 
Remover Ultrasonic 
Cleaning Solution 
Cleanser 
Tetrasodium 
Ethylenediamine 
tetraacetic acid (EDTA) 
(1 ~ 5 by weight) 
Benco Dental Supply 
Company, PA, USA 
W Deionized Water Control   
B 
Trop50® Pomegranate 
Blueberry 
Beverage  
Tropicana Products, 
Inc. 
 
      
Figure 3. 5  Temporary cement remover ultrasonic cleaning solution 
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Figure 3. 6  General purpose ultrasonic cleaning solution 
 
       
Figure 3. 7  Plaster and stone remover ultrasonic cleaning solution 
 
 Figure 3. 8  Trop50® Pomegranate Blueberry 
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3.1.2 Specimen Preparation 
 
3.1.2.1 Materials Used 
 
In order to achieve precise dimension of the specimens, the negative mold was printed 
first (Fig. 3.9) according to the design, 10x10 mm and 2 mm thickness, on the software 
and converted to the positive mold after applying Z-Dupe Silicone (Henry Schein, USA), 
which is an addition-vulcanizing duplication silicone (Fig. 3.10). It distinguishes by a 
superior reproduction of details, constancy of shape and long shelf life. Due to its 
platinum hardener system the material is virtually shrinkless.  
 
A silicone impression material mold (Fig 3.11) with an internal rectangular shaped of 
10x10 mm and 2 mm in height was used to fabricate all the specimens. A 
polyvinylsiloxane mold was chosen as the mold material, as polyvinyl siloxane 
impression materials are often used as matrices to fabricate temporary crowns and fixed 
partial dentures using the direct or indirect methods. Plastic strips and a glass slide were 
used to cover the mold during fabrication of the specimens. After placement of the tested 
temporary material into the mold, plastic strips were placed to cover the material and to 
achieve a uniform smooth surface (Fig. 3.12). A glass slab was then placed over the 
plastic strip and it was gently pressed against the mold to extrude the excess material 
from the mold. 
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Figure 3. 9  The negative mold was printed 
 
 
Figure 3. 10  Z-Dupe Silicone application 
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Figure 3. 11  Silicone mold 
 
 
Figure 3. 12  Placement of glass slab over the plastic strip 
covering the provisional restorative material specimens 
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3.1.2.2 Dispensing/ Placement of Materials into the Mold and Polymerization 
 
Sixty-four 10x10x2mm rectangular shaped specimens of each type of temporary 
restorative materials using similar shade A2 were fabricated following the manufacturer’s 
instructions. Two auto-polymerized bis-acryl and one polymethyl methacrylate 
temporary restorative materials were placed into a silicone impression material mold 
covered with a glass slab.  
 
Care was taken during fabrication of all the specimens to avoid porosities due to air 
entrapment in the mold. Protemp™ Plus material and Tempsmart™ material were 
dispended by a cartridge/gun into the mold and left to autopolymerize for five minutes 
according to the manufacturer’s specifications. Jet Tooth Shade™ was hand-mixed (Fig. 
3.13, 3.14) and a spatula was used to place the material into the mold from one side in an 
attempt to avoid air entrapment in the mold. The specimens were allowed to auto-
polymerize according to the manufacturer’s instructions. Upon the specimens were 
removed from the mold and examined visually for any porosity, the consistency of the 
testing surface was also observed to assess complete polymerization. All the specimens 
were then placed in a controlled environment for twenty four hours until the completion 
of polymerization. VITA CAD-Temp™ monoColor Composite Block was sectioned by 
IsoMet® 5000 Precision Cutter (Buehler, USA) under water cooling (Fig 3.15). The 
samples were stored in a controlled dry environment until all the specimens were 
fabricated.  
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For the purpose of surface standardization, the next step was to perform polishing of the 
samples which were serially polished in an automatic polishing machine (EcoMet® 250 
Pro Grinder/Polisher, Buehler, MA, USA) (Fig. 3.16) using grits #600 and #800 silicon 
carbide abrasive papers (Buehler, USA). Polishing was performed on both sides for sixty 
seconds at each abrasive paper grit, under water cooling. Specimens of the required 
dimensions which were highly polished with smooth, flat and glossy surface were 
included in the study and specimens with surface irregularities, visible cracks or 
porosities were excluded from the study. Then the non-testing surface of each specimen 
was coded (marked with a marker) to ensure that color measurements would be taken on 
the smooth testing side only. After polishing, initial readouts (baseline) were performed 
by means of Color i5 Spectrophotometer (X-rite). 
 
      
Figure 3. 13  Powder and monomer preparation of Jet Tooth Shade™ 
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Figure 3. 14  Mixing Jet Tooth Shade™  
 
Figure 3. 15  IsoMet® 5000 Precision Cutter, Buehler, USA 
 
Figure 3. 16  EcoMet® 250 Pro Grinder/Polisher, Buehler, USA 
 33 
3.2 Experimental Design 
 
Two hundred and fifty-six specimens (256) were prepared in the form of rectangular 
blocks measuring 10x10 mm and 2 mm thickness. For each temporary restorative 
material analyzed, sixty-four test specimens were fabricated and coded 1 to 64, which 
were randomly divided into two main groups according to immersion time of cleaning 
solutions, and four subgroups according to tested materials. Each material had four 
categories (n=8) according to the cleaning solutions in which they were stored, and then 
further divided into two subgroups (n=4) according to the beverage as shown in Table 
3.3. Water was used as the control solution.  
 
Before each measurement session, the spectrophotometer was calibrated according to the 
manufacturer’s recommendations by using the supplied black and white calibration 
standard. The baseline color values were measured for each specimen using a Color i5 
Spectrophotometer (X-rite) using CIE (Commission International de I’Eclairage) L*a*b* 
relative to standard illuminant A, against a 50% gray background (Fig. 3.17).  
 
After obtaining the initial color measurement (Fig. 3.18, 3.19, 3.20, 3.21), sixty-four 
specimens of each temporary restorative materials were placed in a correspondingly 
labeled glass container containing one of three cleaning solutions or water for control 
group for a period of ten minutes or three hours at 60°C (Fig. 3.22, 3.23, 3.24). The time 
of each solution tested was divided to ten minutes based on recommendation of their 
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respective manufacturers and three hours. After the immersion, specimens were rinsed in 
running water for one minute and placed in Trop50® Pomegranate Blueberry juice 
(Tropicana Products, Inc.) or water for twenty four hours, then incubated at 37°C and 
stored in the dark place to simulate body temperature (Fig. 3.25, 3.26, 3.27). The water 
served as control. After every immersion, the cleaning solutions and beverage were 
replenished. This procedure of cleaning and beverage was repeated three cycles. 
Colorimetry values were collected after each immersion of cleaning solution and 
beverage. Table 3.3 lists the experimental groups. 
 
 
Figure 3. 17  Color measurement of a specimen  
placed on a gray background with Color i5 Spectrophotometer 
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Figure 3. 18  Protemp™ Plus specimens after baseline color measurement (Left) 
Figure 3. 19  Tempsmart™ specimens after baseline color measurement (Right) 
 
   
 
Figure 3. 20  Jet Tooth Shade™ specimens after baseline color measurement (Left) 
Figure 3. 21  VITA CAD-Temp™ specimens after baseline color measurement (Right) 
 36 
 
Figure 3. 22  Specimen bottles for the 16 groups of Protemp™ Plus and Tempsmart™ after the first 
cycle of immersion in the cleaning solutions and water as a control. 
 
 
Figure 3. 23  Specimens of Protemp™ Plus and Tempsmart™ were placed in a 
correspondingly labeled glass container containing one of three cleaning solutions or water 
as a control group. 
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Figure 3. 24  Specimens of Protemp™ Plus and Tempsmart™ were immersed in one of three 
cleaning solutions or water as a control group for ten minutes at 60°C. 
 
 
Figure 3. 25  Specimen bottles for the 16 groups of Protemp™ Plus and Tempsmart™ 
after the first cycle of immersion in the beverage solutions and water as a control. 
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Figure 3. 26  Specimens of Protemp™ Plus and Tempsmart™ were placed in a correspondingly 
labeled glass container containing beverage solutions or water as a control group. 
 
      
 
Figure 3. 27  Specimens of Protemp™ Plus and Tempsmart™ were immersed in beverage 
solutions or water as a control group for twenty four hours at 37°C 
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Table 3. 3  Experimental Groups 
 
Materials (Brand Name) Cleaning 
Solution 
Code Staining Solution Code 
Protemp™ Plus Water Pm-Wn-0 Water Pm-Wn-Wn 
 Water Pm-Wn-0 Blueberry Juice Pm-Wn-Bn 
 TS Pm-TSn-0 Water Pm-TSn-Wn 
 TS Pm-TSn-0 Blueberry Juice Pm-TSn-Bn 
 GS Pm-GSn-0 Water Pm-GSn-Wn 
 GS Pm-GSn-0 Blueberry Juice Pm-GSn-Bn 
 PS Pm-PSn-0 Water Pm-PSn-Wn 
 PS Pm-PSn-0 Blueberry Juice Pm-PSn-Bn 
Tempsmart™ Water Tm-Wn-0 Water Tm-Wn-Wn 
 Water Tm-Wn-0 Blueberry Juice Tm-Wn-Bn 
 TS Tm-TSn-0 Water Tm-TSn-Wn 
 TS Tm-TSn-0 Blueberry Juice Tm-TSn-Bn 
 GS Tm-GSn-0 Water Tm-GSn-Wn 
 GS Tm-GSn-0 Blueberry Juice Tm-GSn-Bn 
 PS Tm-PSn-0 Water Tm-PSn-Wn 
 PS Tm-PSn-0 Blueberry Juice Tm-PSn-Bn 
Jet Tooth Shade™ Water Jm-Wn-0 Water Jm-Wn-Wn 
 Water Jm-Wn-0 Blueberry Juice Jm-Wn-Bn 
 TS Jm-TSn-0 Water Jm-TSn-Wn 
 TS Jm-TSn-0 Blueberry Juice Jm-TSn-Bn 
 GS Jm-GSn-0 Water Jm-GSn-Wn 
 GS Jm-GSn-0 Blueberry Juice Jm-GSn-Bn 
 PS Jm-PSn-0 Water Jm-PSn-Wn 
 PS Jm-PSn-0 Blueberry Juice Jm-PSn-Bn 
VITA CAD-Temp™ Water Vm-Wn-0 Water Vm-Wn-Wn 
 Water Vm-Wn-0 Blueberry Juice Vm-Wn-Bn 
 TS Vm-TSn-0 Water Vm-TSn-Wn 
 TS Vm-TSn-0 Blueberry Juice Vm-TSn-Bn 
 GS Vm-GSn-0 Water Vm-GSn-Wn 
 GS Vm-GSn-0 Blueberry Juice Vm-GSn-Bn 
 PS Vm-PSn-0 Water Vm-PSn-Wn 
 PS Vm-PSn-0 Blueberry Juice Vm-GSn-Bn 
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Index: 
TS – Temporary cement remover ultrasonic cleaning solution 
GS – General purpose ultrasonic cleaning solution 
PS – Plaster and stone remover ultrasonic cleaning solution 
W – Distilled water 
B – Trop50® pomegranate blueberry 
m – Number of the specimen 
n – Number of the cycle 
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3.3 Color Measurement 
 
3.3.1 Spectrophotometer Measurement 
 
Color measurements were taken using a Color i5 Spectrophotometer (X-rite) with a 
measuring aperture of 6 mm in diameter. The aperture of the probe was centered on the 
tested specimen to be measured. Before the measurements, the spectrophotometer was 
calibrated according to the manufacturer’s instructions by using the supplied black trap 
and white tile calibration standard. 
 
The specimens were placed against a 50% gray background during the color 
measurements. Individual analysis of color change was performed using the Commission 
Internationale d’Eclairge L*a*b* color space (CIE L*a*b*), in which L* represents the 
coordinate the lightness or darkness of the object on a scale of 0 (black) to 100 (white), 
a* indicates the red-green chromaticity of the object, and b* corresponds to the 
yellow/blue axis of the object. After each session of color measurements, the 
spectrophotometer was connected to a computer and the data retrieved and stored in an 
excel spreadsheet. Color measurements of each specimen were taken at baseline, after ten 
minutes or three hours in either cleaning solutions or the control solution, and twenty-
four hours in either beverage or the control solution, repeating three cycles. 
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3.3.2 Determination of Color and Calculation of Color Changes 
 
Each specimen was rinsed with running water for one minute. Excess water on the 
surfaces was removed with tissue paper and specimen before color measurement. Mean 
and standard deviations of color change (ΔE*) values were determined by using the 
Commision Internationale de l’Eclairage L* a* b* (CIELab) colorimetric system. Color 
change was calculated for each specimen from the changes (ΔE*) as follows:  
 
where the initial (1) and final (2) are color descriptors. ΔL*, Δa* and Δb* are differences 
in L*, a* and b* values before and after immersion at each time interval (Cleaning1, 
Bevrage1, Cleaning2, Beverage2, Cleaning3, Beverage3) (Fig. 3.28 ~ 3.51). 
 
Data were statistically evaluated with 3-way, 2-way, and 1-way analysis of variance 
(ANOVA) for pair-wise comparison of means (a = 0.001). When a significant interaction 
effect was found, only the highest level of interaction was reported. Lower level 
interactions and main effects were not reported. The Tukey honest significant difference 
test was used to determine which specific condition differed from other conditions.  
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3.4 Data Analysis Method 
 
For data analysis, three studied factors were considered, 
1) temporary restorative material at four levels (Protemp™ Plus, Tempsmart™, Jet 
Tooth Shade™ and VITA CAD-Temp™),  
2) cleaning solution at four levels (Temporary cement remover ultrasonic cleaning 
solution, General purpose ultrasonic cleaning solution, Plaster and stone remover 
ultrasonic cleaning solution and water), 
3) beverage at two levels (blueberry juice and water),  
4) color changes after immersion at six levels (Cleaning1, Bevrage1, Cleaning2, 
Beverage2, Cleaning3, Beverage3), including after cleaning (Cleaning1, Cleaning2, 
Cleaning3) and after staining (Bevrage1, Beverage2, Beverage3), and 
5) Immersion time (ten mins and three hours). 
 
On conclusion of the calculations, the ΔE* values were submitted to statistical analysis. 
By using the program JMP pro 13.0 (SAS, Cary, NC), multiple-factor analysis of 
variance (MANOVA) was performed (factor: temporary restorative material, cleaning 
solution, beverage, storage time) to specifically compare the tested material studied by 
using the Tukey post hoc test for multiple comparisons, at a significant level of 0.05. 
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Figure 3. 28  Protemp™ Plus specimens after the first cycle of immersion in cleansers (Left) 
Figure 3. 29  Tempsmart™ specimens after the first cycle of immersion in cleansers (Right) 
 
   
Figure 3. 30  Jet Tooth Shade™ specimens after the first cycle of immersion in cleansers (Left) 
Figure 3. 31  VITA CAD-Temp™ specimens after the first cycle of immersion of cleansers (Right) 
 
   
Figure 3. 32  Protemp™ Plus specimens after the first cycle of immersion in beverage (Left) 
Figure 3. 33  Tempsmart™ specimens  after the first cycle of immersion in beverage (Right) 
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Figure 3. 34  Jet Tooth Shade™ specimens after the first cycle of immersion in beverage (Left) 
Figure 3. 35  VITA CAD-Temp™ specimens after the first cycle of immersion in beverage (Right) 
 
   
Figure 3. 36  Protemp™ Plus specimens after the second cycle of immersion in cleansers (Left) 
Figure 3. 37  Tempsmart™ specimens after the second cycle of immersion in cleansers (Right) 
 
   
Figure 3. 38  Jet Tooth Shade™ specimens after the second cycle of immersion in cleansers (Left) 
Figure 3. 39  VITA CAD-Temp™ specimens after the second cycle of immersion in cleansers (Right) 
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Figure 3. 40  Protemp™ Plus specimens after the second cycle of immersion in beverage (Left) 
Figure 3. 41  Tempsmart™ specimens after the second cycle of immersion in beverage (Right) 
 
   
Figure 3. 42  Jet Tooth Shade™ specimens after the second cycle of immersion in beverage (Left) 
Figure 3. 43  VITA CAD-Temp™ specimens after the second cycle of immersion in beverage (Right) 
 
   
Figure 3. 44  Protemp™ Plus specimens after the third cycle of immersion in cleansers (Left) 
Figure 3. 45  Tempsmart™ specimens after the third cycle of immersion in cleansers (Right) 
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Figure 3. 46  Jet Tooth Shade™ specimens after the third cycle of immersion in cleansers (Left) 
Figure 3. 47  VITA CAD-Temp™ specimens after the third cycle of immersion in cleansers (Right) 
 
   
Figure 3. 48  Protemp™ Plus specimens after the third cycle of immersion in beverage (Left) 
Figure 3. 49  Tempsmart™ Plus specimens after the third cycle of immersion in beverage (Right) 
 
   
Figure 3. 50  Jet Tooth Shade™ specimens after the third cycle of immersion in beverage 
Figure 3. 51  VITA CAD-Temp™ specimens after the third cycle of immersion in beverage 
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Chapter 4 – RESULTS 
4.1 Overview 
 
Baseline CIELab values (means ± standard deviations) for the prepared and untreated 
material are listed in Table 4.1. Overview of means of pooled color changes (ΔE*) of four 
temporary restorative materials during three repeated cycles in both ten minutes and three 
hours cleaning protocol is shown in Figure 4.1~ 4.3. Generally speaking, Protemp™ Plus 
and Tempsmart™ specimens had marked color changes during three repeated cycles in 
both ten minutes and three hours cleaning protocol. Jet Tooth Shade™ and VITA CAD-
Temp™ specimens showed only slight color changes over all the period. For beverage 
effect in both ten minute and three hours cleaning protocol, the specimens soaked with 
blueberry juice showed gradual increase in the total color change compared to those 
immersed with water. The specimens in three hours cleaning protocol showed a marked 
increase in the total color change relative to ten minutes cleaning protocol. Means 
±standard deviations of the color changes from baseline measurements (ΔE*) for the 
different experimental groups after cleansers and beverage three repeated cycles are 
shown in Table 4.2 and Table 4.3.  
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Figure 4. 1  Overview of means of pooled color changes (ΔE*) of 4 temporary restorative 
materials during three repeated cycles in both ten minute and three hours cleaning 
protocol. 
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Figure 4. 2  Overview of means of pooled color changes (ΔE*) on cleanser effect of 4 
temporary restorative materials during three repeated cycles in both ten minute and three 
hours cleaning protocol. 
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Figure 4. 3  Overview of means of pooled color changes (ΔE*) on beverage effect of 4 
temporary restorative materials during three repeated cycles in both ten minute and three 
hours cleaning protocol. 
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Table 4. 1  Mean ±SD of baseline CIE Lab color measurements for each material before treatment 
Materials (Brand Name) L* a* b* 
Protemp™ Plus 69.39  ± 0.85 -4.02  ± 0.11 2.74  ± 0.38 
Tempsmart™ 67.45  ± 0.49 -0.37  ± 0.16 9.00  ± 0.79 
Jet Tooth Shade™ 70.66  ± 0.97 1.08  ± 0.17 11.88  ± 0.64 
VITA CAD-Temp™ 66.96  ± 0.83 -1.32  ± 0.08 10.41  ± 0.66 
a* and b*, chromatic scale; L*, light and dark on a scale of 0 (black) to 100 (white); 
CIE, Commision Internationale de l’Eclairage (colorimetric system); SD, standard deviation. 
 
Table 4. 2  Ten minutes cleaning protocol. Means ±SD of color changes (ΔE*) from baseline 
for the different experimental groups after cleansers and beverage three repeated cycles. 
 
 ΔE* From Baseline 
   1st Cycle 2nd Cycle 3nd Cycle 
Materials Cleansers Beverage 
Cleaning
1ΔE* 
Beverage
1ΔE* 
Cleaning
2ΔE* 
Beverage
2ΔE* 
Cleaning
3ΔE* 
Beverage
3ΔE* 
Protemp™ 
Plus 
Water Water 
0.11± 
0.85 
0.59± 
0.26 
0.67± 
0.16 
0.71± 
0.22 
0.78± 
0.17 
0.88± 
0.22 
 Water Beverage 
0.12± 
0.03 
1.33± 
0.16 
1.28± 
0.18 
2.51± 
0.43 
2.43± 
0.45 
3.34± 
0.48 
 TS Water 
0.19± 
0.08 
0.69± 
0.11 
0.52± 
0.09 
0.57± 
0.11 
0.57± 
0.17 
0.73± 
0.15 
 TS Beverage 
0.18± 
0.14 
3.04± 
0.58 
0.87± 
0.23 
4.68± 
0.79 
1.16± 
0.37 
5.46± 
1.25 
 GS Water 
0.15± 
0.07 
0.64± 
0.06 
0.59± 
0.09 
0.64± 
0.04 
0.71± 
0.10 
0.77± 
0.09 
 GS Beverage 
0.21± 
0.15 
2.04± 
0.19 
1.84± 
0.13 
3.77± 
0.27 
3.31± 
0.27 
4.49± 
0.29 
 PS Water 
0.89± 
1.19 
0.60± 
0.17 
0.76± 
0.68 
0.57± 
0.15 
0.92± 
0.99 
0.77± 
0.32 
 PS Beverage 
1.60± 
1.25 
3.33± 
0.74 
1.51± 
0.64 
3.89± 
0.81 
2.28± 
1.09 
4.02± 
0.59 
Tempsmart™ Water Water 
0.31± 
0.16 
1.07± 
0.69 
1.14± 
0.28 
1.46± 
0.64 
1.89± 
1.21 
1.98± 
1.15 
 Water Beverage 
0.21± 
0.06 
2.24± 
0.42 
2.15± 
0.44 
3.41± 
0.73 
3.06± 
0.50 
5.90± 
0.65 
 TS Water 
0.53± 
0.20 
0.46± 
0.16 
0.56± 
0.21 
0.58± 
0.13 
0.71± 
0.17 
0.86± 
0.11 
 TS Beverage 
0.27± 
0.13 
3.45± 
0.92 
1.26± 
0.46 
6.06± 
0.73 
1.80± 
0.59 
10.07± 
1.47 
 GS Water 
0.32± 
0.08 
1.16± 
0.88 
1.70± 
1.30 
1.99± 
1.47 
2.55± 
1.88 
2.41± 
1.59 
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 GS Beverage 
0.49± 
0.39 
2.87± 
1.17 
1.96± 
0.13 
5.86± 
2.54 
2.57± 
0.96 
5.98± 
1.96 
 PS Water 
1.27± 
1.16 
0.88± 
0.70 
1.94± 
1.59 
1.28± 
1.03 
2.16± 
1.84 
1.71± 
1.17 
 PS Beverage 
1.75± 
1.68 
3.58± 
0.72 
2.25± 
1.30 
6.08± 
2.18 
2.94± 
1.35 
6.34± 
2.20 
Jet Tooth 
Shade™ 
Water Water 
1.09± 
0.04 
1.48± 
0.27 
0.77± 
0.07 
0.85± 
0.15 
0.81± 
0.17 
0.85± 
0.33 
 Water Beverage 
1.15± 
0.18 
0.75± 
0.08 
0.76± 
0.08 
1.02± 
0.21 
0.98± 
0.19 
1.59± 
0.18 
 TS Water 
1.10± 
0.05 
1.26± 
0.13 
0.80± 
0.21 
0.93± 
0.25 
0.72± 
0.22 
0.64± 
0.16 
 TS Beverage 
1.15± 
0.24 
0.64± 
0.16 
0.64± 
0.06 
0.64± 
0.15 
0.70± 
0.10 
0.92± 
0.09 
 GS Water 
1.07± 
0.05 
1.22± 
0.03 
0.65± 
0.07 
0.75± 
0.08 
0.63± 
0.08 
0.53± 
0.14 
 GS Beverage 
1.12± 
0.04 
0.58± 
0.22 
0.82± 
0.14 
0.96± 
0.20 
1.01± 
0.10 
1.46± 
0.11 
 PS Water 
1.24± 
0.20 
1.23± 
0.17 
0.70± 
0.12 
0.74± 
0.20 
0.66± 
0.14 
0.62± 
0.15 
 PS Beverage 
1.17± 
0.07 
0.81± 
0.41 
0.87± 
0.25 
1.04± 
0.42 
0.92± 
0.20 
1.10± 
0.21 
VITA CAD-
Temp™ 
Water Water 
1.04± 
0.06 
1.08± 
0.16 
0.47± 
0.03 
0.41± 
0.04 
0.43± 
0.04 
0.42± 
0.07 
 Water Beverage 
1.04± 
0.03 
0.71± 
0.10 
0.22± 
0.03 
0.30± 
0.04 
0.23± 
0.03 
0.58± 
0.24 
 TS Water 
1.20± 
0.13 
1.26± 
0.07 
0.71± 
0.15 
0.66± 
0.05 
0.71± 
0.12 
0.75± 
0.10 
 TS Beverage 
1.17± 
0.07 
0.95± 
0.24 
0.56± 
0.03 
1.76± 
0.27 
0.56± 
0.04 
3.86± 
0.39 
 GS Water 
1.06± 
0.06 
1.06± 
0.10 
0.51± 
0.04 
0.47± 
0.05 
0.47± 
0.06 
0.51± 
0.03 
 GS Beverage 
1.03± 
0.04 
0.53± 
0.14 
0.27± 
0.09 
0.58± 
0.14 
0.28± 
0.16 
0.64± 
0.24 
 PS Water 
1.06± 
0.03 
1.08± 
0.08 
0.53± 
0.04 
0.46± 
0.05 
0.49± 
0.02 
0.47± 
0.04 
 PS 
Bevera
ge 
1.10± 
0.12 
0.64± 
0.15 
0.49± 
0.08 
0.82± 
0.65 
0.45± 
0.14 
0.94± 
0.68 
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Table 4. 3  Three hours cleaning protocol. Means ±SD of color changes (ΔE*) from baseline 
for the different experimental groups after cleansers and beverage three repeated cycles. 
 
 ΔE* From Baseline 
   1st Cycle 2nd Cycle 3nd Cycle 
Materials Cleansers Beverage 
Cleaning
1ΔE* 
Beverag
e1ΔE* 
Cleaning
2ΔE* 
Beverage
2ΔE* 
Cleaning
3ΔE* 
Beverage
3ΔE* 
Protemp™ 
Plus 
Water Water 
0.51± 
0.02 
0.30± 
0.16 
0.51± 
0.15 
0.48± 
0.11 
0.55± 
0.09 
0.45± 
0.11 
 Water Beverage 
0.74± 
0.18 
2.34± 
0.59 
1.70± 
0.50 
2.60± 
0.57 
2.25± 
0.41 
3.29± 
0.54 
 TS Water 
1.26± 
0.33 
3.71± 
2.04 
1.30± 
0.64 
3.27± 
0.73 
2.02± 
0.21 
3.94± 
0.56 
 TS Beverage 
1.77± 
1.07 
13.16± 
1.91 
2.32± 
0.60 
14.18± 
3.24 
5.20± 
0.36 
12.81± 
1.14 
 GS Water 
1.19± 
0.53 
1.13± 
0.78 
1.56± 
0.72 
1.65± 
0.79 
1.55± 
0.65 
1.90± 
0.61 
 GS Beverage 
0.75± 
0.33 
3.94± 
1.25 
0.91± 
0.41 
4.55± 
1.86 
2.68± 
0.99 
5.93± 
3.81 
 PS Water 
7.18± 
2.94 
7.25(± 
2.83) 
8.48(± 
3.22) 
8.50(± 
3.35) 
7.46(± 
2.63) 
8.22(± 
2.88) 
 PS Beverage 
12.08± 
1.12 
11.78± 
0.72 
14.22± 
3.28 
24.35± 
6.23 
20.67± 
2.01 
27.28± 
6.92 
Tempsmart™ Water Water 
1.62± 
0.50 
4.53± 
4.26 
2.43± 
0.95 
2.64± 
1.46 
3.10± 
1.51 
2.67± 
1.34 
 Water Beverage 
1.23± 
0.62 
3.41± 
1.20 
2.26± 
0.08 
4.04± 
1.13 
2.72± 
0.61 
4.58± 
2.15 
 TS Water 
13.69± 
2.48 
11.29± 
1.63 
15.23± 
0.81 
15.49± 
0.88 
15.34± 
0.74 
14.61± 
1.61 
 TS Beverage 
11.35± 
2.17 
24.14± 
8.95 
11.85± 
3.95 
26.10± 
10.68 
16.98± 
6.64 
26.10± 
11.40 
 GS Water 
6.60± 
5.97 
6.96± 
4.76 
12.08± 
1.18 
8.71± 
1.87 
13.84± 
1.62 
10.30± 
0.52 
 GS Beverage 
2.57± 
2.65 
13.51± 
7.15 
2.86± 
1.94 
17.11± 
8.36 
2.73± 
0.62 
19.36± 
8.97 
 PS Water 
9.11± 
2.14 
10.66± 
2.19 
15.25± 
1.99 
10.24± 
1.06 
15.38± 
2.25 
10.82± 
2.89 
 PS Beverage 
11.03± 
5.41 
22.34± 
6.47 
12.00± 
2.70 
28.36± 
5.38 
11.28± 
1.69 
27.99± 
5.45 
Jet Tooth 
Shade™ 
Water Water 
1.15± 
0.12 
2.29± 
0.57 
1.55± 
0.19 
1.47± 
0.18 
1.65± 
0.12 
1.02± 
0.22 
 Water Beverage 
1.29± 
0.40 
1.84± 
0.21 
1.87± 
0.37 
2.01± 
0.26 
2.07± 
0.43 
2.12± 
0.28 
 TS Water 
1.25± 
0.16 
1.31± 
0.16 
1.20± 
0.15 
1.23± 
0.16 
1.43± 
0.16 
1.27± 
0.23 
 TS Beverage 
1.20± 
0.37 
1.97± 
0.18 
1.23± 
0.31 
1.94± 
0.21 
1.44± 
0.26 
1.86± 
0.25 
 GS Water 
1.25± 
0.09 
1.40± 
0.12 
1.47± 
0.08 
1.35± 
0.10 
1.80± 
0.11 
1.31± 
0.17 
 GS Beverage 
1.06± 
0.15 
0.63± 
0.15 
1.32± 
0.11 
0.51± 
0.22 
1.71± 
0.12 
0.52± 
0.21 
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 PS Water 
1.10± 
0.10 
1.18± 
0.09 
1.35± 
0.08 
1.16± 
0.20 
1.72± 
0.11 
1.18± 
0.10 
 PS Beverage 
1.19± 
0.25 
0.85± 
0.13 
1.28± 
0.13 
0.62± 
0.16 
1.77± 
0.16 
0.70± 
0.25 
VITA CAD-
Temp™ 
Water Water 
2.05± 
0.09 
2.81± 
0.80 
2.00± 
0.14 
1.71± 
0.06 
2.15± 
0.08 
1.88± 
0.15 
 Water Beverage 
1.94± 
0.08 
1.70± 
0.23 
1.85± 
0.34 
1.50± 
0.35 
1.67± 
0.12 
2.28± 
1.43 
 TS Water 
5.12± 
0.08 
4.98± 
0.14 
6.18± 
0.15 
6.11± 
0.08 
8.17± 
1.07 
8.24± 
0.13 
 TS Beverage 
5.11± 
0.23 
9.03± 
1.05 
5.96± 
0.24 
12.89± 
1.30 
8.79± 
0.64 
14.97± 
2.09 
 GS Water 
2.04± 
0.11 
1.90± 
0.15 
1.83± 
0.06 
1.74± 
0.17 
2.17± 
0.07 
1.67± 
0.12 
 GS Beverage 
2.03± 
0.19 
1.65± 
0.21 
1.65± 
0.03 
1.98± 
0.32 
1.81± 
0.08 
2.31± 
0.33 
 PS Water 
2.10± 
0.11 
1.91± 
0.09 
2.08± 
0.05 
1.74± 
0.18 
2.45± 
0.10 
2.02± 
0.04 
 PS Beverage 
2.23± 
0.13 
2.39± 
0.12 
2.00± 
0.07 
4.19± 
0.48 
2.37± 
0.05 
4.55± 
0.34 
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4.2 Analysis of the Experimental Groups over Time 
 
4.2.1 Trend of the Total Color Changes 
 
Figure 4.4 ~ 4.11 graphically shows the mean color changes (ΔE* values) of the 
experimental groups at various time intervals for the different temporary restorative 
materials and cleaning solutions.  
 
4.2.1.1 Ten Minutes Cleaning Protocol 
 
Protemp™ Plus specimens had marked color changes after the first cycle of immersion in 
plaster and stone remover ultrasonic cleanser (PS) and showed only slight gradual color 
change increase in the following intervals same as those in general purpose ultrasonic 
cleanser (GS) and water groups as illustrated in the graph in Figure 4.4. However, 
Protemp™ Plus specimens in temporary cement remover ultrasonic cleanser (TS) had 
more marked color changes during all the period. Tempsmart™ specimens had similar 
trend of the total color changes as what was showed in Protemp™ Plus. Generally 
speaking, Tempsmart™ specimens showed much more color changes than Protemp™ 
Plus specimens as illustrated in the graph in Figure 4.5. Protemp™ Plus-TS and 
Tempsmart™-TS combination after the third cycle revealed the highest ΔE* values with 
a mean ΔE* of 3.09 and 5.46 respectively. All the Jet Tooth Shade™ and VITA CAD-
Temp™ specimens for the different experimental groups showed only slight color 
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changes over all the period as illustrated in the graph in Figure 4.6 and 4.7, except for 
VITA CAD-Temp™-TS combination, which showed the highest total color change with 
a mean ΔE* of 2.30 after the third cycle. 
 
A multiple-factor analysis of variance (MANOVA) with repeated measures on one factor 
(cycle) was carried out to investigate if statistically significant differences (p<0.001) 
existed between the experimental groups across time. The results are listed in Table 4.4. 
The results indicate that the effects of cleanser, beverage and cycle factors except for 
material, and all possible interactions among them except for cleanser and cycle have 
differences that are statistically significant (p<0.001). Since the overall significance of 
the differences were confirmed, further analyses were carried out at particular times and 
for particular materials and solutions. 
 
The Tukey test indicated that for material comparison, four temporary restorative 
materials had similar color change listed in Table 4.5. Among cleansers, plaster and stone 
remover ultrasonic cleanser (PS) had more color change than those cleaned with 
temporary cement remover ultrasonic cleanser (TS), general purpose ultrasonic cleanser 
(GS) and water listed in Table 4.6. For cycle, the third cycle had more color change than 
the second cycle, than the first cycle listed in Table 4.7. 
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Figure 4. 4  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline at various 
time intervals for Protemp™ Plus when immersng in 3 cleansers, 1 control group and 1 beverage. 
 
 
 
 
Figure 4. 5  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline at 
various time intervals for Tempsmart™ when immersing in 3 cleansers, 1 control group 
and 1 beverage. 
ΔE* 
ΔE* 
Cycle 
Cycle 
 59 
 
 
Figure 4. 6  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline at various 
time intervals for Jet Tooth Shade™ when immersing in 3 cleansers, 1 control group and 1 beverage. 
 
 
 
 
 
Figure 4. 7  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline at 
various time intervals for VITA CAD-Temp™ when immersing in 3 cleansers, 1 control 
group and 1 beverage. 
ΔE* 
ΔE* 
Cycle 
Cycle 
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Table 4. 4  Effect test on pooled ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 4.190 1.264 0.2856 
Cleanser 3 3 9.189 2.772 0.0407* 
Beverage 1 1 10.528 9.528 0.0021* 
Cycle 2 2 55.418 25.077 <.0001* 
Material*Cleanser 9 9 19.803 1.991 0.0377* 
Material*Beverage 3 3 175.529 52.952 <.0001* 
Material*Cycle 6 6 117.625 17.742 <.0001* 
Cleanser*Beverage 3 3 14.557 4.391 0.0045* 
Cleanser*Cycle 6 6 7.222 1.089 0.3670 
Beverage*Cycle 2 2 46.143 20.880 <.0001* 
 
Table 4. 5  Connective letter report of LSMeans Differences Tukey HSD of material after three 
repeated cycles in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A 1.304 
Jet Tooth Shade™ A 1.052 
VITA CAD-Temp™ A 0.998 
Protemp™ Plus A 0.990 
*Levels not connected by same letter are significantly different. 
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Table 4. 6  Connective letter report of LSMeans Differences Tukey HSD of cleanser after three 
repeated cycles in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  1.388 
Temporary Cement Remover Ultrasonic Cleanser A B 1.096 
General Purpose Ultrasonic Cleanser A B 0.972 
Water  B 0.888 
*Levels not connected by same letter are significantly different. 
 
Table 4. 7  Connective letter report of LSMeans Differences Tukey HSD of cycle after three repeated 
cycles in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
3 A   1.742 
2  B  1.363 
1   C 1.086 
*Levels not connected by same letter are significantly different. 
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4.2.1.2 Three Hours Cleaning Protocol 
 
Tempsmart™ specimens discolored markedly more than Protemp™ Plus specimens for 
all the cleaning solutions over all the period as shown in Figure 4.8 and 4.9. Three hours 
cleaning protocol in Protemp™ Plus and Tempsmart™ showed a marked increase in the 
total color change relative to ten minutes cleaning protocol. After three repeated cycles, 
Protemp™ Plus-PS, Tempsmart™-TS and Tempsmart™-PS combination revealed the 
highest ΔE* values with a mean ΔE* of 17.75, 20.35 and 19.41 respectively. Most Jet 
Tooth Shade™ and VITA CAD-Temp™ specimens for the different experimental groups 
showed imperceptible color changes over all the period as illustrated in the graph in 
Figure 4.10 and 4.11, except for VITA CAD-Temp™-TS combination, which showed the 
highest total color change with a mean ΔE* of 11.61 after the third cycle. Compared to 
ten minutes cleaning protocol, most Jet Tooth Shade™ and VITA CAD-Temp™ showed 
a slight increase in the total color change relative to ten minutes cleaning protocol. 
 
A multiple-factor analysis of variance (MANOVA) with repeated measures on one factor 
(cycle) was carried out to investigate if statistically significant differences (p<0.001) 
existed between the experimental groups across time. The results are listed in Table 4.8. 
The results indicate that the effects of all four factors, and the interactions among 
material and cleaner, material and beverage and cleaner and beverage have differences 
that are statistically significant (p<0.001). Since the overall significance of the 
 63 
differences were confirmed, further analysis were carried out at particular times and for 
particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.9. Among cleansers, temporary cement remover ultrasonic cleanser (TS) and plaster 
and stone remover ultrasonic cleanser (PS) had more color change than those cleaned 
with general purpose ultrasonic cleanser (GS) and water listed in Table 4.10. For the 
factor of cycle, the third and second cycle had no significant difference in color change 
while both were significant different to that at the first cycle, as listed in Table 4.11. 
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Figure 4. 8  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline at various 
time intervals for Protemp™ Plus when immersing in 3 cleansers, 1 control group and 1 beverage. 
 
 
 
 
Figure 4. 9  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline at 
various time intervals for Tempsmart™ when immersing in 3 cleansers, 1 control group 
and 1 beverage. 
ΔE* 
ΔE* 
Cycle 
Cycle 
 65 
 
 
Figure 4. 10  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline at various 
time intervals for Jet Tooth Shade™ when immersing in 3 cleansers, 1 control group and 1 beverage. 
 
 
 
 
Figure 4. 11  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline at 
various time intervals for VITA CAD-Temp™ when immersing in 3 cleansers, 1 control 
group and 1 beverage. 
ΔE* 
Cycle 
ΔE* 
Cycle 
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Table 4. 8  Effect test on pooled ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 2398.465 63.456 <.0001* 
Cleanser 3 3 1304.754 34.520 <.0001* 
Beverage 1 1 193.422 15.352 <.0001* 
Cycle 2 2 358.531 14.229 <.0001* 
Material*Cleanser 9 9 5864.259 51.717 <.0001* 
Material*Beverage 3 3 690.308 18.264 <.0001* 
Material*Cycle 6 6 156.236 2.067 0.0550 
Cleanser*Beverage 3 3 637.100 16.856 <.0001* 
Cleanser*Cycle 6 6 86.624 1.146 0.3338 
Beverage*Cycle 2 2 38.421 1.525 0.2184 
 
Table 4. 9  Connective letter report of LSMeans Differences Tukey HSD of material after three 
repeated cycles in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   9.473 
Protemp™ Plus  B  4.318 
VITA CAD-Temp™  B  2.998 
Jet Tooth Shade™   C 1.267 
*Levels not connected by same letter are significantly different. 
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Table 4. 10  Connective letter report of LSMeans Differences Tukey HSD of cleanser after three 
repeated cycles in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  6.895 
Plaster and Stone Remover Ultrasonic Cleanser A  6.524 
General Purpose Ultrasonic Cleanser  B 3.039 
Water  B 1.598 
*Levels not connected by same letter are significantly different. 
 
Table 4. 11  Connective letter report of LSMeans Differences Tukey HSD of cycle after three 
repeated cycles in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
3 A  6.173 
2 A  5.534 
1  B 4.514 
*Levels not connected by same letter are significantly different. 
 
 
 
 
 
 
 
 68 
4.2.2 Repeated Measures ANOVA for Multiple Factors 
 
4.2.2.1 The Cycles of Immersion in the Cleaning Solutions 
 
4.2.2.1.1 Ten Minutes Cleaning Protocol 
 
Overview of means of color changes (ΔE*) of Cleaning1, Cleaning2, Cleaning3 repeated 
cycles of four temporary restorative materials in ten minutes cleaning protocol is shown 
in Figure 4.12. Protemp™ Plus and Tempsmart™ specimens showed a gradual increase 
in the total color change for all the cleaning solutions as shown in Figure 4.13 and 4.14. 
At the second and third immersion period, Tempsmart™ specimens showed greater color 
changes compared to the Protemp™ Plus specimens in all the cleaning solutions. The 
Protemp™ Plus-GS combination revealed the highest ΔE* values with a mean ΔE* of 
2.01 after the third cycle. The Tempsmart™-GS, Tempsmart™-PS and Tempsmart™-
water combination had a marked total color change with a mean ΔE* of 2.56, 2.55 and 
2.48 respectively after the third cycle. For Jet Tooth Shade™ and VITA CAD-Temp™, 
there was a gradual decrease in all cleaning solutions, except for the Jet Tooth Shade™-
GS and Jet Tooth Shade™-water combination showing a slight imperceptible increase in 
the total color changes after the third cycle as shown in Figure 4.15 and 4.16. 
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Figure 4. 12  Overview of means of color changes (ΔE*) of Cleaning1, Cleaning2, Cleaning3 repeated 
cycles of 4 temporary restorative materials in ten minute cleaning protocol. 
 
 
 
 
 
Figure 4. 13  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for Protemp™ Plus in three repeated cleaning cycles. 
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Figure 4. 14  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for Tempsmart™ in three repeated cleaning cycles. 
 
 
 
 
 
Figure 4. 15  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for Jet Tooth Shade™ in three repeated cleaning cycles. 
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Figure 4. 16  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for VITA CAD-Temp™ in three repeated cleaning cycles. 
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A three-factor analysis (ANOVA) was done to compare color changes at the different 
time intervals for individual material. The two between-group factors were cleanser 
(three cleansers + control) and beverage (one beverage + control) and one within-group 
factor was the three measurement times (cycle 1, 2, and 3). 
 
For Protemp™ Plus, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for all factors and interactions among them except for 
the interaction between cleanser and beverage as shown in Table 4.12. The type of 
cleanser significantly (p <0.0001) affected the color stability at each immersion period. 
For Tempsmart™, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for cycle factor and interactions between cycle and 
cleanser as shown in Table 4.13. There was no statistically significant differences for 
cleanser factor.  
 
For Jet Tooth Shade™, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for beverage and cycle factors and interactions 
between cycle and beverage as shown in Table 4.14. There was no statistically significant 
differences for cleanser factor. For VITA CAD-Temp™, the results of the analysis 
revealed that there were statistically significant differences (p <0.0001) for factors and 
interactions between cycle and cleanser, and cycle and beverage as shown in Table 4.15. 
The type of cleanser significantly (p <0.0001) affected the color stability at each 
immersion period. 
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Table 4. 12  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of Protemp™ Plus in ten 
minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 1.521 5.215 7 24 0.0010* 
Cleanser F Test 0.421 3.368 3 24 0.0351* 
Beverage F Test 0.926 22.230 1 24 <.0001* 
Cleanser*Beverage F Test 0.174 1.390 3 24 0.2699 
All Within Interactions Wilks' Lambda 0.039 13.492 14 46 <.0001* 
Cycle F Test 16.737 192.481 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.125 13.983 6 46 <.0001* 
Cycle*Beverage F Test 7.095 81.589 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.280 6.810 6 46 <.0001* 
 
Table 4. 13  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of Tempsmart™ after 
immersion in ten minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 0.438 1.502 7 24 0.2139 
Cleanser F Test 0.323 2.585 3 24 0.0767 
Beverage F Test 0.098 2.344 1 24 0.1388 
Cleanser*Beverage F Test 0.017 0.139 3 24 0.9356 
All Within Interactions Wilks' Lambda 0.379 2.049 14 46 0.0345* 
Cycle F Test 5.132 59.018 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.525 2.916 6 46 0.0171* 
Cycle*Beverage F Test 0.294 3.377 2 23 0.0518 
Cycle*Cleanser*Beverage Wilks' Lambda 0.733 1.290 6 46 0.2807 
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Table 4. 14  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of Jet Tooth Shade™ in 
ten minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 0.652 2.236 7 24 0.0670 
Cleanser F Test 0.129 1.036 3 24 0.3945 
Beverage F Test 0.265 6.362 1 24 0.0187* 
Cleanser*Beverage F Test 0.258 2.061 3 24 0.1322 
All Within Interactions Wilks' Lambda 0.380 2.045 14 46 0.0348* 
Cycle F Test 4.668 53.685 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.704 1.467 6 46 0.2105 
Cycle*Beverage F Test 0.668 7.677 2 23 0.0028* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.772 1.056 6 46 0.4024 
 
Table 4. 15  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of VITA CAD-Temp™ in 
ten minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 3.699 12.682 7 24 <.0001* 
Cleanser F Test 2.620 20.958 3 24 <.0001* 
Beverage F Test 0.837 20.092 1 24 0.0002* 
Cleanser*Beverage F Test 0.242 1.936 3 24 0.1507 
All Within Interactions Wilks' Lambda 0.132 5.751 14 46 <.0001* 
Cycle F Test 229.448 2638.650 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.313 6.031 6 46 0.0001* 
Cycle*Beverage F Test 3.521 40.490 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.647 1.863 6 46 0.1078 
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4.2.2.1.1 Three Hours Cleaning Protocol 
 
Overview of means of color changes (ΔE*) of Cleaning1, Cleaning2, Cleaning3 repeated 
cycles of four temporary restorative materials in three hours cleaning protocol is shown 
in Figure 4.17. Protemp™ Plus and Tempsmart™ specimens showed a gradual increase 
in the total color change for all the cleaning solutions as shown in Figure 4.18 and 4.19. 
Tempsmart™ specimens showed greater discoloration compared to the Protemp™ Plus 
specimens in all the cleaning solutions for all three cycles. The Protemp™ Plus-PS, 
Tempsmart™-TS, Tempsmart™-PS and Tempsmart™-GS combination in three hours 
cleaning protocol revealed marked discoloration with the highest ΔE* values of 14.07, 
16.16, 13.33 and 8.29 respectively after the third cycle compared to those in ten minutes 
cleaning protocol. For Jet Tooth Shade™ and VITA CAD-Temp™, there was a slight 
increase in all cleaning solutions as shown in Figure 4.20 and 4.21. Whereas VITA CAD-
Temp™-TS combination showed a dramatic increase in the total color changes with the 
mean ΔE* of 8.48 after the third cycle. 
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Figure 4. 17  Overview of means of color changes (ΔE*) of Cleaning1, Cleaning2, Cleaning3 repeated 
cycles of 4 temporary restorative materials in three hours cleaning protocol. 
 
 
 
 
Figure 4. 18  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for Protemp™ Plus in three repeated cleaning cycles. 
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Figure 4. 19  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for Tempsmart™ in three repeated cleaning cycles. 
 
 
 
 
Figure 4. 20  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for Jet Tooth Shade™ in three repeated cleaning cycles. 
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Figure 4. 21  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in cleansers for VITA CAD-Temp™ in three repeated cleaning cycles. 
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A three-factor analysis (ANOVA) was done to compare color changes at the different 
time intervals for individual material. The two between-group factors were cleaner (three 
cleansers + control) and beverage (one beverage + control) and one within-group factor 
was the three measurement times (cycle 1, 2, and 3).  
 
For Protemp™ Plus and Tempsmart™, the results of the analysis revealed that there were 
statistically significant differences (p <0.0001) for all three factors, and all possible 
interactions among them have differences that are statistically significant (p<0.0001) as 
shown in Table 4.16 and 4.17. The type of cleanser significantly (p <0.0001) affected the 
color stability at each immersion period. 
 
For Jet Tooth Shade™, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for cleanser and cycle factors and interactions 
between cycle and cleanser as shown in Table 4.18. The type of cleanser significantly (p 
<0.0001) affected the color stability at each immersion period. 
 
For VITA CAD-Temp™, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for cleaner and cycle factors and interactions between 
cycle and cleanser as shown in Table 4.19. The type of cleanser significantly (p <0.0001) 
affected the color stability at each immersion period. 
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Table 4. 16  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of Protemp™ 
Plus in three hours cleaning protocol. 
 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 22.470 77.039 7 24 <.0001* 
Cleanser F Test 18.472 147.778 3 24 <.0001* 
Beverage F Test 1.676 40.217 1 24 <.0001* 
Cleanser*Beverage F Test 2.322 18.574 3 24 <.0001* 
All Within Interactions Wilks' Lambda 0.105 6.844 14 46 <.0001* 
Cycle F Test 4.255 48.929 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.323 5.829 6 46 0.0001* 
Cycle*Beverage F Test 3.096 35.607 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.313 6.0288 6 46 0.0001* 
 
Table 4. 17  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of Tempsmart™ in three 
hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 9.134 31.316 7 24 <.0001* 
Cleanser F Test 7.593 60.746 3 24 <.0001* 
Beverage F Test 0.728 17.482 1 24 0.0003* 
Cleanser*Beverage F Test 0.812 6.497 3 24 0.0022* 
All Within Interactions Wilks' Lambda 0.210 3.877 14 46 0.0002* 
Cycle F Test 0.629 7.236 2 23 0.0036* 
Cycle*Cleanser Wilks' Lambda 0.446 3.818 6 46 0.0036* 
Cycle*Beverage F Test 0.528 6.068 2 23 0.0077* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.474 3.467 6 46 0.0066* 
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Table 4. 18  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of Jet Tooth Shade™ in 
three hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 0.615 2.110 7 24 0.0818 
Cleanser F Test 0.392 3.139 3 24 0.0440* 
Beverage F Test 0.015 0.360 1 24 0.5540 
Cleanser*Beverage F Test 0.208 1.663 3 24 0.2014 
All Within Interactions Wilks' Lambda 0.139 5.540 14 46 <.0001* 
Cycle F Test 11.524 132.526 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.164 11.257 6 46 <.0001* 
Cycle*Beverage F Test 0.106 1.216 2 23 0.3148 
Cycle*Cleanser*Beverage Wilks' Lambda 0.725 1.339 6 46 0.2596 
 
Table 4. 19  Effect test on Cleaning1, Cleaning2, Cleaning3 repeated cycles of VITA CAD-Temp™ in 
three hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 139.211 477.294 7 24 <.0001* 
Cleanser F Test 138.959 1111.670 3 24 <.0001* 
Beverage F Test 0.0533 1.279 1 24 0.2693 
Cleanser*Beverage F Test 0.199 1.589 3 24 0.2180 
All Within Interactions Wilks' Lambda 0.030 15.844 14 46 <.0001* 
Cycle F Test 5.068 58.286 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.042 29.945 6 46 <.0001* 
Cycle*Beverage F Test 0.272 3.127 2 23 0.0629 
Cycle*Cleanser*Beverage Wilks' Lambda 0.686 1.593 6 46 0.1709 
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4.2.2.2 The Cycles of Immersion in the Beverage 
 
4.2.2.2.1 Ten Minutes Cleaning Protocol 
 
Overview of means of color changes (ΔE*) of Beverage1, Beverage2, Beverage3 
repeated cycles of four temporary restorative materials in ten minutes cleaning protocol is 
shown in Figure 4.22. For beverage effect, the specimens soaked with blueberry juice 
showed gradual increase in the total color change compared to those immersed with 
water as shown in Figure 4.23. The highest mean ΔE* values was 3.54 after the third 
cycle. 
 
Protemp™ Plus and Tempsmart™ specimens showed a gradual increase in the total color 
change for all the cleaning solutions as shown in Figure 4.24 and 4.25. Tempsmart™ 
specimens showed greater color changes compared to the Protemp™ Plus specimens in 
all the cleaning solutions over all the period, especially for Tempsmart™-TS combination 
with the highest ΔE* values of 5.46 after the third cycle. For Jet Tooth Shade™ and 
VITA CAD-Temp™, there was a slight decrease in all cleaning solutions after the second 
cycle, except for VITA CAD-Temp™-TS combination. There was a gradual increase for 
all cleaning solutions after the third cycle, and VITA CAD-Temp™-TS combination with 
the highest ΔE* values of 2.30 as shown in Figure 4.26 and 4.27. 
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Figure 4. 22  Overview of means of color changes (ΔE*) of Beverage1, Beverage2, Beverage3 
repeated cycles of 4 temporary restorative materials in ten minutes cleaning protocol. 
 
 
 
 
Figure 4. 23  Overview of means of color changes (ΔE*) of Beverage1, Beverage2, Beverage3 
repeated cycles of beverage and water in ten minutes cleaning protocol. 
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Figure 4. 24  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for Protemp™ Plus in three repeated beverage cycles. 
 
 
 
 
Figure 4. 25  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for Tempsmart™ in three repeated beverage cycles. 
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Figure 4. 26  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for Jet Tooth Shade™ in three repeated beverage cycles. 
 
 
 
 
 
Figure 4. 27  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for VITA CAD-Temp™ in three repeated beverage cycles. 
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A three-factor analysis (ANOVA) was done to compare color changes at the different 
time intervals for individual material. The two between-group factors were cleanser 
(three cleansers + control) and beverage (one beverage + control) and one within-group 
factor was the three measurement times (cycle 1, 2, and 3).  
 
For Protemp™ Plus, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for all factors and interactions among them as shown 
in Table 4.20. The type of cleanser significantly (p <0.0001) affected the color stability at 
each immersion period. For Tempsmart™, the results of the analysis revealed that there 
were statistically significant differences (p <0.0001) for beverage and cycle factor, and 
interactions between cycle and cleanser, and cycle and beverage as shown in Table 4.21. 
There was no statistically significant differences for cleanser factor.  
 
For Jet Tooth Shade™, the results of the analysis revealed that there were no statistically 
significant differences (p <0.0001) for all three factors, but all interactions among them 
showed significant differences (p <0.0001) as shown in Table 4.22. There was no 
statistically significant differences for cleanser factor. For VITA CAD-Temp™, the 
results of the analysis revealed that there were statistically significant differences (p 
<0.0001) for all three factors and interactions among them as shown in Table 4.23. The 
type of cleanser significantly (p <0.0001) affected the color stability at each immersion 
period. 
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Table 4. 20  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of Protemp™ Plus in ten 
minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 17.937 61.498 7 24 <.0001* 
Cleanser F Test 0.932 7.456 3 24 0.0011* 
Beverage F Test 15.823 379.763 1 24 <.0001* 
Cleanser*Beverage F Test 1.181 9.450 3 24 0.0003* 
All Within Interactions Wilks' Lambda 0.057 10.506 14 46 <.0001* 
Cycle F Test 9.834 113.087 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.402 4.427 6 46 0.0013* 
Cycle*Beverage F Test 11.235 129.207 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.374 4.876 6 46 0.0006* 
 
Table 4. 21  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of Tempsmart™ in ten 
minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 4.356 14.935 7 24 <.0001* 
Cleanser F Test 0.118 0.941 3 24 0.4364 
Beverage F Test 3.780 90.728 1 24 <.0001* 
Cleanser*Beverage F Test 0.458 3.665 3 24 0.0264* 
All Within Interactions Wilks' Lambda 0.056 10.643 14 46 <.0001* 
Cycle F Test 8.049 92.563 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.313 6.041 6 46 0.0001* 
Cycle*Beverage F Test 3.430 39.446 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.289 6.596 6 46 <.0001* 
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Table 4. 22  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of Jet Tooth Shade™ in 
ten minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 0.679 2.327 7 24 0.0580 
Cleanser F Test 0.330 2.642 3 24 0.0724 
Beverage F Test 0.037 0.893 1 24 0.3541 
Cleanser*Beverage F Test 0.311 2.491 3 24 0.0844 
All Within Interactions Wilks' Lambda 0.063 9.841 14 46 <.0001* 
Cycle F Test 0.590 6.786 2 23 0.0048* 
Cycle*Cleanser Wilks' Lambda 0.448 3.790 6 46 0.0038* 
Cycle*Beverage F Test 8.918 102.562 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.497 3.205 6 46 0.0103* 
 
Table 4. 23  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of VITA CAD-Temp™ 
in ten minutes cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 7.780 26.672 7 24 <.0001* 
Cleanser F Test 4.548 36.385 3 24 <.0001* 
Beverage F Test 0.711 17.074 1 24 0.0004* 
Cleanser*Beverage F Test 2.520 20.160 3 24 <.0001* 
All Within Interactions Wilks' Lambda 0.007 36.303 14 46 <.0001* 
Cycle F Test 13.814 158.861 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.037 32.097 6 46 <.0001* 
Cycle*Beverage F Test 10.196 117.259 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.044 28.707 6 46 <.0001* 
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4.2.2.2.2 Three Hours Cleaning Protocol 
 
Overview of means of color changes (ΔE*) of Beverage1, Beverage2, Beverage3 
repeated cycles of different materials in three hours cleaning protocol is shown in Figure 
4.28. For beverage effect, the specimens soaked with blueberry juice showed gradual 
increase in the total color change compared to those immersed with water as shown in 
Figure 4.29. The highest ΔE* values was 9.79 after the third cycle. 
 
Protemp™ Plus and Tempsmart™ specimens showed a gradual increase in the total color 
change for all the cleaning solutions as shown in Figure 4.30 and 4.31. Tempsmart™ 
specimens showed greater discoloration compared to the Protemp™ Plus specimens in all 
the cleaning solutions for all three repeated cycles. Protemp™ Plus-PS had marked color 
changes and with the highest ΔE* values of 17.75 after the third cycle. Tempsmart™-TS 
and Tempsmart™-PS also showed great color changes with the ΔE* values of 20.35 and 
19.41 respectively. Compared to Protemp™ Plus and Tempsmart™ in ten minutes 
cleaning protocol, Protemp™ Plus-TS, Protemp™ Plus-PS, Tempsmart™-TS, 
Tempsmart™-GS and Tempsmart™-PS had marked color changes over all the period. 
For Jet Tooth Shade™, there was a slight decrease in all cleaning solutions during these 
three repeated cycles as shown in Figure 4.32. Whereas VITA CAD-Temp™ showed a 
gradual increase in all cleaning solutions all the time. VITA CAD-Temp™-TS showed 
greater discoloration with the highest ΔE* values of 11.61 after the third cycle as shown 
in Figure 4.33. 
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Figure 4. 28  Overview of means of color changes (ΔE*) of Beverage1, Beverage2, Beverage3 
repeated cycles of 4 temporary restorative materials in three hours cleaning protocol. 
 
 
 
 
Figure 4. 29  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage in three repeated beverage cycles. 
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Figure 4. 30  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for Protemp™ Plus in three repeated beverage cycles. 
 
 
 
 
Figure 4. 31  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for Tempsmart™ in three repeated beverage cycles. 
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Figure 4. 32  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for Jet Tooth Shade™ in three repeated beverage cycles. 
 
 
 
 
Figure 4. 33  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the immersion in beverage for VITA CAD-Temp™ in three repeated beverage cycles. 
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A three-factor analysis (ANOVA) was done to compare color changes at the different 
time intervals for individual material. The two between-group factors were cleanser 
(three cleansers + control) and beverage (one beverage + control) and one within-group 
factor was the three measurement times (cycle 1, 2, and 3).  
 
For Protemp™ Plus, the results of the analysis revealed that there were statistically 
significant differences (p <0.0001) for all three factors and interactions among them as 
shown in Table 4.24. The type of cleanser significantly (p <0.0001) affected the color 
stability at each immersion period. For Tempsmart™, the results of the analysis revealed 
that there were statistically significant differences (p <0.0001) for all three factor, and 
interactions between cycle and cleanser as shown in Table 4.25. There was statistically 
significant differences for cleanser factor. 
 
For Jet Tooth Shade™, the results of the analysis revealed that there were no statistically 
significant differences (p <0.0001) for cleanser and cycle factors and all interactions 
among them were as shown in Table 4.26. The type of cleanser significantly (p <0.0001) 
affected the color stability at each immersion period. For VITA CAD-Temp™, the results 
of the analysis revealed that there were statistically significant differences (P <0.0001) 
for all three factors and interactions among them as shown in table 4.27. The type of 
cleanser significantly (p <0.0001) affected the color stability at each immersion period. 
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Table 4. 24  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of Protemp™ Plus in 
three hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 15.542 53.290 7 24 <.0001* 
Cleanser F Test 9.221 73.766 3 24 <.0001* 
Beverage F Test 4.515 108.356 1 24 <.0001* 
Cleanser*Beverage F Test 1.807 14.459 3 24 <.0001* 
All Within Interactions Wilks' Lambda 0.214 3.815 14 46 0.0003* 
Cycle F Test 0.767 8.826 2 23 0.0014* 
Cycle*Cleanser Wilks' Lambda 0.392 4.586 6 46 0.0010* 
Cycle*Beverage F Test 0.493 5.672 2 23 0.0099* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.433 3.983 6 46 0.0027* 
 
Table 4. 25  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of Tempsmart™ in three 
hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 3.558 12.198 7 24 <.0001* 
Cleanser F Test 2.134 17.069 3 24 <.0001* 
Beverage F Test 1.081 25.951 1 24 <.0001* 
Cleanser*Beverage F Test 0.343 2.742 3 24 0.0653 
All Within Interactions Wilks' Lambda 0.310 2.620 14 46 0.0071* 
Cycle F Test 1.434 16.493 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.578 2.413 6 46 0.0412* 
Cycle*Beverage F Test 0.160 1.845 2 23 0.1806 
Cycle*Cleanser*Beverage Wilks' Lambda 0.493 3.252 6 46 0.0095* 
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Table 4. 26  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of Jet Tooth Shade™ in 
three hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 10.867 37.257 7 24 <.0001* 
Cleanser F Test 5.784 46.273 3 24 <.0001* 
Beverage F Test 0.001 0.023 1 24 0.8801 
Cleanser*Beverage F Test 5.082 40.653 3 24 <.0001* 
All Within Interactions Wilks' Lambda 0.145 5.357 14 46 <.0001* 
Cycle F Test 0.378 4.349 2 23 0.0250* 
Cycle*Cleanser Wilks' Lambda 0.509 3.074 6 46 0.0129* 
Cycle*Beverage F Test 0.637 7.321 2 23 0.0035* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.251 7.644 6 46 <.0001* 
 
Table 4. 27  Effect test on Beverage1, Beverage2, Beverage3 repeated cycles of VITA CAD-Temp™ 
in three hours cleaning protocol. 
Factor Test Value F NumDF DenDF Prob>F 
All Between F Test 48.138 165.044 7 24 <.0001* 
Cleanser F Test 38.907 311.258 3 24 <.0001* 
Beverage F Test 3.851 92.436 1 24 <.0001* 
Cleanser*Beverage F Test 5.379 43.033 3 24 <.0001* 
All Within Interactions Wilks' Lambda 0.008 33.952 14 46 <.0001* 
Cycle F Test 21.465 246.850 2 23 <.0001* 
Cycle*Cleanser Wilks' Lambda 0.021 44.663 6 46 <.0001* 
Cycle*Beverage F Test 11.926 137.152 2 23 <.0001* 
Cycle*Cleanser*Beverage Wilks' Lambda 0.092 17.649 6 46 <.0001* 
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4.2.3 Analysis of Effects by LSM Regression Model  
 
4.2.3.1 The First Cycle of Immersion in the Cleaning Solutions (Cleaning1)  
 
Figure 4.34~4.36 graphically illustrate the mean ΔE* of Cleaning1 after the first cycle of 
immersion in the cleaning solutions. Means ±standard deviations of the color changes 
from baseline measurements (ΔE*) after the first cycle of immersion in the cleaning 
solutions are shown in Table 4.28 and Table 4.32. 
 
 
Figure 4. 34  Means of color changes (ΔE*) from baseline after the first cycle of immersion of 
cleaning solutions for 4 temporary restorative materials, 3 cleansers and 1 control group (Protocol 1= 
Ten minutes cleaning protocol, Protocol 2= Three hours cleaning protocol). 
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4.2.3.1.1 Ten Minutes Cleaning Protocol 
 
After the first cycle of immersion in the cleaning solutions, Jet Tooth Shade™ and VITA 
CAD-Temp™ specimens discolored more than Protemp™ Plus and Tempsmart™ 
specimens, except for the ones with plaster and stone remover ultrasonic cleanser (PS). 
The Tempsmart™-PS combination revealed the highest ΔE* values with a mean ΔE* of 
1.51. The Protemp™ Plus-PS combination also had a marked total color change with a 
mean ΔE* of 1.24.  
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Cleaning1 
interval. The results are listed in Table 4.29. The results indicate that the effects of 
material and cleanser factors, and the possible interaction among material and cleanser 
have differences that are statistically significant (p<0.001). Since the overall significance 
of the differences were confirmed, further analyses were carried out for particular 
materials and solutions. 
 
The Tukey test indicated that for material comparison, Jet Tooth Shade™ and VITA 
CAD-Temp™ had similar color change, more than Tempsmart™ and Protemp™ Plus 
listed in Table 4.30. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) 
had more color change than those cleaned with temporary cement remover ultrasonic 
cleanser (TS), general purpose ultrasonic cleanser (GS) and water listed in Table 4.31. 
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Table 4. 28  Ten minutes cleaning protocol. Means ±SD of color changes (ΔE*) from baseline after 
the first cycle of immersion of cleaning solutions for 4 temporary restorative materials, 3 cleansers. 
Materials Cleansers Cleaning1 ΔE* 
Protemp™ Plus Water 0.12 ± 0.03 
 Temporary cement remover ultrasonic cleanser 0.18 ± 0.11 
 General purpose ultrasonic cleanser 0.18 ± 0.11 
 Plaster and stone remover ultrasonic cleanser 1.24 ± 1.19 
Tempsmart™ Water 0.26 ± 0.13 
 Temporary cement remover ultrasonic cleanser 0.40 ± 0.21 
 General purpose ultrasonic cleanser 0.40 ± 0.28 
 Plaster and stone remover ultrasonic cleanser 1.51 ± 1.36 
Jet Tooth Shade™ Water 1.12 ± 0.13 
 Temporary cement remover ultrasonic cleanser 1.13 ± 0.16 
 General purpose ultrasonic cleanser 1.10 ± 0.05 
 Plaster and stone remover ultrasonic cleanser 1.20 ± 0.15 
VITA CAD-Temp™ Water 1.03 ± 0.04 
 Temporary cement remover ultrasonic cleanser 1.19 ± 0.10 
 General purpose ultrasonic cleanser 1.04 ± 0.05 
 Plaster and stone remover ultrasonic cleanser 1.08 ± 0.08 
 
 
 
 
Figure 4. 35  Ten minutes cleaning protocol. Means of color changes (ΔE*) from baseline 
after the first cycle of immersion of cleaning solutions for 4 temporary restorative materials, 
3 cleansers and 1 control group. 
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Table 4. 29  Effect test on Cleaning1ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 11.318 15.819 <.0001* 
Cleanser 3 3 8.155 11.398 <.0001* 
Beverage 1 1 0.160 0.672 0.4143 
Material*Cleanser 9 9 7.184 3.347 0.0013* 
Material*Beverage 3 3 0.182 0.255 0.8580 
Cleanser*Beverage 3 3 0.572 0.799 0.4973 
Material*Cleanser*Beverage 9 9 0.805 0.375 0.9445 
Table 4. 30  Connective letter report of LSMeans Differences Tukey HSD of material on 
Cleaning1ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Jet Tooth Shade™ A  1.136 
VITA CAD-Temp™ A  1.088 
Tempsmart™  B 0.642 
Protemp™ Plus  B 0.432 
*Levels not connected by same letter are significantly different. 
Table 4. 31  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Cleaning1ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  1.258 
Temporary Cement Remover Ultrasonic Cleanser  B 0.723 
General Purpose Ultrasonic Cleanser  B 0.683 
Water  B 0.633 
Levels not connected by same letter are significantly different. 
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4.2.3.1.2 Three Hours Cleaning Protocol 
 
Tempsmart™ specimens discolored markedly for all the cleaning solutions. The 
Tempsmart™-TS combination revealed the highest ΔE* values with a mean ΔE* of 
12.52. Tempsmart™-PS and Protemp™ Plus-PS combination also had a marked total 
color change with a mean ΔE* of 10.07 and 9.63 respectively. Jet Tooth Shade™ 
specimens showed small color changes for all cleaning solutions. The mean ΔE* for Jet 
Tooth Shade™-water, Jet Tooth Shade™-TS, Jet Tooth Shade™-GS, Jet Tooth Shade™-
PS were 1.22, 1.22, 1.15 and 1.15 respectively. 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Cleaning1 
interval. The results are listed in Table 4.33. The results indicate that the effects of 
material and cleanser factors, the possible interactions among material and cleanser, 
cleanser and beverage all have differences that are statistically significant (p<0.001). 
Since the overall significance of the differences were confirmed, further analysis were 
carried out for particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.34. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) and temporary 
cement remover ultrasonic cleanser (TS) had similar color change, more than those 
cleaned with general purpose ultrasonic cleanser (GS) and water listed in Table 4.35. 
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Table 4. 32  Three hours cleaning protocol. Means ±SD of color changes (ΔE*) from baseline after 
the first cycle of immersion of cleaning solutions for 4 temporary restorative materials, 3 cleansers. 
Materials Cleansers Cleaning1 ΔE* 
Protemp™ Plus Water 0.62 ± 0.17 
 Temporary cement remover ultrasonic cleanser 1.51 ± 0.78 
 General purpose ultrasonic cleanser 0.97 ± 0.47 
 Plaster and stone remover ultrasonic cleanser 9.63 ± 3.33 
Tempsmart™ Water 1.43 ± 0.56 
 Temporary cement remover ultrasonic cleanser 12.52 ± 2.49 
 General purpose ultrasonic cleanser 4.59 ± 4.79 
 Plaster and stone remover ultrasonic cleanser 10.07 ± 3.95 
Jet Tooth Shade™ Water 1.22 ± 0.28 
 Temporary cement remover ultrasonic cleanser 1.22 ± 0.26 
 General purpose ultrasonic cleanser 1.15 ± 0.15 
 Plaster and stone remover ultrasonic cleanser 1.15 ± 0.18 
VITA CAD-Temp™ Water 2.00 ± 0.10 
 Temporary cement remover ultrasonic cleanser 5.12 ± 0.16 
 General purpose ultrasonic cleanser 2.04 ± 0.15 
 Plaster and stone remover ultrasonic cleanser 2.17 ± 0.13 
 
 
 
Figure 4. 36  Three hours cleaning protocol. Means of color changes (ΔE*) from baseline 
after the first cycle of immersion of cleaning solutions for 4 temporary restorative materials, 
3 cleansers and 1 control group. 
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Table 4. 33  Effect test on Cleaning1ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 614.180 65.388 <.0001* 
Cleanser 3 3 450.077 47.917 <.0001* 
Beverage 1 1 0.016 0.005 0.9423 
Material*Cleanser 9 9 665.048 23.601 <.0001* 
Material*Beverage 3 3 25.267 2.690 0.0506 
Cleanser*Beverage 3 3 37.501 3.993 0.0100* 
Material*Cleanser*Beverage 9 9 37.594 1.334 0.2297 
Table 4. 34  Connective letter report of LSMeans Differences Tukey HSD of material on 
Cleaning1ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   7.150 
Protemp™ Plus  B  3.184 
VITA CAD-Temp™  B  2.829 
Jet Tooth Shade™   C 1.186 
Levels not connected by same letter are significantly different. 
Table 4. 35  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Cleaning1ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  5.751 
Temporary Cement Remover Ultrasonic Cleanser A  5.093 
General Purpose Ultrasonic Cleanser  B 2.188 
Water  B 1.317 
Levels not connected by same letter are significantly different. 
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4.2.3.2  The First Cycle of Immersion in the Beverage (Beverage1) 
 
4.2.3.2.1 Ten Minutes Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Beverage1 
interval. The results are listed in Table 4.36. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them have 
differences that are statistically significant (p<0.001). Since the overall significance of 
the differences were confirmed, further analysis were carried out for particular materials 
and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, Jet Tooth Shade™ and VITA CAD-Temp™ listed in Table 
4.37. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) and temporary 
cement remover ultrasonic cleanser (TS) had similar color change, and more than those 
cleaned with general purpose ultrasonic cleanser (GS) and water listed in Table 4.38. 
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Table 4. 36  Effect test on Beverage1ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 24.282 43.378 <.0001* 
Cleanser 3 3 2.993 5.347 0.0019* 
Beverage 1 1 17.541 94.008 <.0001* 
Material*Cleanser 9 9 3.603 2.145 0.0327* 
Material*Beverage 3 3 48.030 85.802 <.0001* 
Cleanser*Beverage 3 3 4.943 8.829 <.0001* 
Material*Cleanser*Beverage 9 9 4.980 2.966 0.0037* 
Table 4. 37  Connective letter report of LSMeans Differences Tukey HSD of material on 
Beverage1ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   1.966 
Protemp™ Plus  B  1.549 
Jet Tooth Shade™   C 0.968 
VITA CAD-Temp™   C 0.909 
Levels not connected by same letter are significantly different. 
Table 4. 38  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Beverage1ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  1.518 
Temporary Cement Remover Ultrasonic Cleanser A  1.470 
General Purpose Ultrasonic Cleanser A B 1.262 
Water  B 1.142 
Levels not connected by same letter are significantly different. 
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4.2.3.2.2 Three Hours Cleaning Protocol 
 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Beverage1 
interval. The results are listed in Table 4.39. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them, except 
for material, beverage and cycle interaction, have differences that are statistically 
significant (p<0.001). Since the overall significance of the differences were confirmed, 
further analyses were carried out for particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.40. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) and temporary 
cement remover ultrasonic cleanser (TS) had similar color change, and more than those 
cleaned with general purpose ultrasonic cleanser (GS) and water listed in Table 4.41. 
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Table 4. 39  Effect test on Beverage1ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 1994.533 94.170 <.0001* 
Cleanser 3 3 932.241 44.015 <.0001* 
Beverage 1 1 381.810 54.080 <.0001* 
Material*Cleanser 9 9 769.312 12.107 <.0001* 
Material*Beverage 3 3 330.162 15.588 <.0001* 
Cleanser*Beverage 3 3 157.747 7.448 0.0002* 
Material*Cleanser*Beverage 9 9 102.493 1.613 0.1223 
Table 4. 40  Connective letter report of LSMeans Differences Tukey HSD of material on 
Beverage1ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A    11.797 
Protemp™ Plus  B   5.452 
VITA CAD-Temp™   C  3.166 
Jet Tooth Shade™    D 1.348 
Levels not connected by same letter are significantly different. 
Table 4. 41  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Beverage1ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A   8.697 
Plaster and Stone Remover Ultrasonic Cleanser A   7.296 
General Purpose Ultrasonic Cleanser  B  3.891 
Water   C 1.879 
Levels not connected by same letter are significantly different. 
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4.2.3.3 The Second Cycle of Immersion in the Cleaning Solutions (Cleaning2) 
 
4.2.3.3.1 Ten Minutes Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Cleaning2 
interval. The results are listed in Table 4.42. The results indicate that the effects of 
material, cleanser and beverage factors, and both possible interactions among material 
and cleanser, material and beverage have differences that are statistically significant 
(p<0.001). Since the overall significance of the differences were confirmed, further 
analyses were carried out for particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, Jet Tooth Shade™ and VITA CAD-Temp™ listed in Table 
4.43. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) had more 
color change than those cleaned with general purpose ultrasonic cleanser (GS), water and 
temporary cement remover ultrasonic cleanser (TS) listed in Table 4.44. 
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Table 4. 42  Effect test on Cleaning2ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 23.160 32.1460 <.0001* 
Cleanser 3 3 2.764 3.8359 0.0121* 
Beverage 1 1 2.823 11.7570 0.0009* 
Material*Cleanser 9 9 5.146 2.3811 0.0177* 
Material*Beverage 3 3 4.425 6.1423 0.0007* 
Cleanser*Beverage 3 3 0.143 0.1989 0.8969 
Material*Cleanser*Beverage 9 9 1.669 0.7720 0.6424 
Table 4. 43  Connective letter report of LSMeans Differences Tukey HSD of material on 
Cleaning2ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   1.620 
Protemp™ Plus  B  1.007 
Jet Tooth Shade™  B C 0.749 
VITA CAD-Temp™   C 0.469 
Levels not connected by same letter are significantly different. 
Table 4. 44  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Cleaning2ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  1.133 
General Purpose Ultrasonic Cleanser A B 1.042 
Water A B 0.931 
Temporary Cement Remover Ultrasonic Cleanser  B 0.739 
Levels not connected by same letter are significantly different. 
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4.2.3.3.2 Three Hours Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Cleaning2 
interval. The results are listed in Table 4.45. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them have 
differences that are statistically significant (p<0.001). Since the overall significance of 
the differences were confirmed, further analysis were carried out for particular materials 
and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.46. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) had more 
color change than those cleaned with temporary cement remover ultrasonic cleanser (TS), 
general purpose ultrasonic cleanser (GS) and water listed in Table 4.47. 
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Table 4. 45  Effect test on Cleaning2ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 1114.061 208.268 <.0001* 
Cleanser 3 3 568.918 106.356 <.0001* 
Beverage 1 1 10.613 5.952 0.0165* 
Material*Cleanser 9 9 842.635 52.509 <.0001* 
Material*Beverage 3 3 144.361 26.988 <.0001* 
Cleanser*Beverage 3 3 47.975 8.969 <.0001* 
Material*Cleanser*Beverage 9 9 82.894 5.166 <.0001* 
Table 4. 46  Connective letter report of LSMeans Differences Tukey HSD of material on 
Cleaning2ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A    9.245 
Protemp™ Plus  B   3.874 
VITA CAD-Temp™   C  2.943 
Jet Tooth Shade™    D 1.409 
Levels not connected by same letter are significantly different. 
Table 4. 47  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Cleaning2ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A    7.084 
Temporary Cement Remover Ultrasonic Cleanser  B   5.658 
General Purpose Ultrasonic CLeanser   C  2.959 
Water    D 1.769 
Levels not connected by same letter are significantly different. 
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4.2.3.4 The Second Cycle of Immersion in the Beverage (Beverage2)  
 
4.2.3.4.1 Ten Minutes Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Beverage2 
interval. The results are listed in Table 4.48. The results indicate that the effects of 
material, cleanser and beverage factors, and both possible interactions among material 
and beverage, cleanser and beverage have differences that are statistically significant 
(p<0.001). Since the overall significance of the differences were confirmed, further 
analyses were carried out for particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, Jet Tooth Shade™ and VITA CAD-Temp™ listed in Table 
4.49. Among cleansers, temporary cement remover ultrasonic cleanser (TS), plaster and 
stone remover ultrasonic cleanser (PS) and general purpose ultrasonic cleanser (GS) had 
similar color change, and more than those cleaned with water listed in Table 4.50. 
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Table 4. 48  Effect test on Beverage2ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 148.168 85.444 <.0001* 
Cleanser 3 3 8.107 4.675 0.0043* 
Beverage 1 1 114.764 198.543 <.0001* 
Material*Cleanser 9 9 9.666 1.858 0.0676 
Material*Beverage 3 3 92.304 53.229 <.0001* 
Cleanser*Beverage 3 3 11.853 6.835 0.0003* 
Material*Cleanser*Beverage 9 9 9.836 1.891 0.0623 
Table 4. 49  Connective letter report of LSMeans Differences Tukey HSD of material on 
Beverage2ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   3.342 
Protemp™ Plus  B  2.167 
Jet Tooth Shade™   C 0.867 
VITA CAD-Temp™   C 0.680 
Levels not connected by same letter are significantly different. 
Table 4. 50  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Beverage2ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  1.985 
General Purpose Ultrasonic Cleanser A  1.877 
Plaster and Stone Remover Ultrasonic Cleanser A  1.859 
Water  B 1.337 
Levels not connected by same letter are significantly different. 
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4.2.3.4.2 Three Hours Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Beverage2 
interval. The results are listed in Table 4.51. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them have 
differences that are statistically significant (p<0.001). Since the overall significance of 
the differences were confirmed, further analysis were carried out for particular materials 
and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.52. Among cleansers, temporary cmenet remover ultrasonic cleanser (TS) and plaster 
and stone remover ultrasonic cleanser (PS) had similar color change, and more than those 
cleaned with general purpose ultrasonic cleanser (GS) and water listed in Table 4.53. 
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Table 4. 51  Effect test on Beverage2ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Material 3 3 2939.101 108.216 <.0001* 
Cleanser 3 3 1525.997 56.186 <.0001* 
Beverage 1 1 788.633 87.110 <.0001* 
Material*Cleanser 9 9 1412.267 17.333 <.0001* 
Material*Beverage 3 3 500.919 18.444 <.0001* 
Cleanser*Beverage 3 3 340.285 12.529 <.0001* 
Material*Cleanser*Beverage 9 9 270.448 3.319 0.0014* 
Table 4. 52  Connective letter report of LSMeans Differences Tukey HSD of material on 
Beverage2ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A    14.088 
Protemp™ Plus  B   7.447 
VITA CAD-Temp™   C  3.982 
Jet Tooth Shade™    D 1.285 
Levels not connected by same letter are significantly different. 
Table 4. 53  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Beverage2ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A   10.150 
Plaster and Stone Remover Ultrasonic Cleanser A   9.895 
General Purpose Ultrasonic Cleanser  B  4.700 
Water   C 2.055 
Levels not connected by same letter are significantly different. 
 115 
4.2.3.5 The Third Cycle of Immersion in the Cleaning Solutions (Cleaning3) 
 
4.2.3.5.1 Ten Minutes Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Cleaning3 
interval. The results are listed in Table 4.54. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them, except 
for cleanser and beverage, material and cleanser and beverage, have differences that are 
statistically significant (p<0.001). Since the overall significance of the differences were 
confirmed, further analysis were carried out for particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, Jet Tooth Shade™ and VITA CAD-Temp™ listed in Table 
4.55. Among cleansers, general purpose ultrasonic cleanse (GS), plaster and stone 
remover ultrasonic cleanser (PS) and water had similar color change, and more than those 
cleaned with temporary cement remover ultrasonic cleanser (TS) listed in Table 4.56.   
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Table 4. 54  Effect test on Cleaning3ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of  Squares F Ratio Prob > F 
Material 3 3 58.545 42.484 <.0001* 
Cleanser 3 3 6.400 4.644 0.0045* 
Beverage 1 1 11.206 24.396 <.0001* 
Material*Cleanser 9 9 9.420 2.279 0.0232* 
Material*Beverage 3 3 13.222 9.595 <.0001* 
Cleanser*Beverage 3 3 0.545 0.396 0.7564 
Material*Cleanser*Beverage 9 9 5.497 1.330 0.2319 
Table 4. 55  Connective letter report of LSMeans Differences Tukey HSD of material on 
Cleaning3ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   2.209 
Protemp™ Plus  B  1.521 
Jet Tooth Shade™   C 0.803 
VITA CAD-Temp™   C 0.452 
*Levels not connected by same letter are significantly different. 
Table 4. 56  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Cleaning3ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
General Purpose Ultrasonic Cleanser A  1.440 
Plaster and Stone Remover Ultrasonic Cleanser A  1.352 
Water A  1.326 
Temporary Cement Remover Ultrasonic Cleanser  B 0.866 
*Levels not connected by same letter are significantly different. 
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4.2.3.5.2 Three Hours Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Cleaning3 
interval. The results are listed in Table 4.57. The results indicate that the effects of 
material and cleanser factors except for beverage, and all possible interactions among 
them have differences that are statistically significant (p<0.001). Since the overall 
significance of the differences were confirmed, further analysis were carried out for 
particular materials and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.58. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) and temporary 
cement remover ultrasonic cleanser (TS) had similar color change, and more than those 
cleaned with general purpose ultrasonic cleanser (GS) and water listed in Table 4.59.  
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Table 4. 57  Effect test on Cleaning3ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of  Squares F Ratio Prob > F 
Material 3 3 1255.947 184.059 <.0001* 
Cleanser 3 3 801.286 117.429 <.0001* 
Beverage 1 1 3.625 1.594 0.2099 
Material*Cleanser 9 9 1102.086 53.837 <.0001* 
Material*Beverage 3 3 278.563 40.823 <.0001* 
Cleanser*Beverage 3 3 107.688 15.782 <.0001* 
Material*Cleanser*Beverage 9 9 275.595 13.463 <.0001* 
Table 4. 58  Connective letter report of LSMeans Differences Tukey HSD of material on 
Cleaning3ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A    10.172 
Protemp™ Plus        B   5.297 
VITA CAD-Temp™     C  3.696 
Jet Tooth Shade™     D 1.700 
*Levels not connected by same letter are significantly different. 
Table 4. 59  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Cleaning3ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A   7.889 
Temporary Cement Remover Ultrasonic Cleanser A   7.420 
General Purpose Ultrasonic Cleanser  B  3.537 
Water   C 2.020 
*Levels not connected by same letter are significantly different. 
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4.2.3.6 The Third Cycle of Immersion in the Beverage (Beverage3)   
 
4.2.3.6.1 Ten Minutes Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Beverage3 
interval. The results are listed in Table 4.60. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them have 
differences that are statistically significant (p<0.001). Since the overall significance of 
the differences were confirmed, further analysis were carried out for particular materials 
and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, Jet Tooth Shade™ and VITA CAD-Temp™ listed in Table 
4.61. Among cleansers, temporary cement remover ultrasonic cleanser (TS) had more 
color change than those cleaned with general purpose ultrasonic cleanser (GS), plaster 
and stone remover ultrasonic cleanser (PS) and water listed in Table 4.62. 
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Table 4. 60  Effect test on Beverage3ΔE* in ten minutes cleaning protocol. 
Source Nparm DF Sum of  Squares F Ratio Prob > F 
Material 3 3 253.092 135.766 <.0001* 
Cleanser 3 3 19.691 10.563 <.0001* 
Beverage 1 1 218.263 351.248 <.0001* 
Material*Cleanser 9 9 15.279 2.732 0.0070* 
Material*Beverage 3 3 119.769 64.248 <.0001* 
Cleanser*Beverage 3 3 32.271 17.311 <.0001* 
Material*Cleanser*Beverage 9 9 27.424 4.904 <.0001* 
Table 4. 61  Connective letter report of LSMeans Differences Tukey HSD of material on 
Beverage3ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A   4.406 
Protemp™ Plus        B  2.558 
VITA CAD-Temp™     C 1.020 
Jet Tooth Shade™    C 0.964 
*Levels not connected by same letter are significantly different. 
Table 4. 62  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Beverage3ΔE* in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  2.909 
General Purpose Ultrasonic Cleanser  B 2.100 
Plaster and Stone Remover Ultrasonic Cleanser  B 1.996 
Water  B 1.942 
*Levels not connected by same letter are significantly different. 
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4.2.3.3.6 Three Hours Cleaning Protocol 
 
A three-factor analysis of variance (ANOVA) was carried out to investigate if statistically 
significant differences (p<0.001) existed between the experimental groups at Beverage3 
interval. The results are listed in Table 4.63. The results indicate that the effects of 
material, cleanser and beverage factors, and all possible interactions among them have 
differences that are statistically significant (p<0.001). Since the overall significance of 
the differences were confirmed, further analyses were carried out for particular materials 
and solutions. 
 
The Tukey test indicated that for material comparison, Tempsmart™ had more color 
change than Protemp™ Plus, VITA CAD-Temp™ and Jet Tooth Shade™ listed in Table 
4.64. Among cleansers, plaster and stone remover ultrasonic cleanser (PS) and temporary 
cement remover ultrasonic cleanser (TS) had similar color change, and more than those 
cleaned with general purpose ultrasonic cleanser (GS) and water listed in Table 4.65.   
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Table 4. 63  Effect test on Beverage3ΔE* in three hours cleaning protocol. 
Source Nparm DF Sum of  Squares F Ratio Prob > F 
Material 3 3 3077.852 97.197 <.0001* 
Cleanser 3 3 1533.380 48.423 <.0001* 
Beverage 1 1 906.370 85.868 <.0001* 
Material*Cleanser 9 9 1589.980 16.737 <.0001* 
Material*Beverage 3 3 537.652 16.979 <.0001* 
Cleanser*Beverage 3 3 312.498 9.869 <.0001* 
Material*Cleanser*Beverage 9 9 310.507 3.269 0.0016* 
Table 4. 64  Connective letter report of LSMeans Differences Tukey HSD of material on 
Beverage3ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Tempsmart™ A    14.555 
Protemp™ Plus        B   7.978 
VITA CAD-Temp™     C  4.740 
Jet Tooth Shade™     D 1.246 
*Levels not connected by same letter are significantly different. 
Table 4. 65  Connective letter report of LSMeans Differences Tukey HSD of cleanser on 
Beverage3ΔE* in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A   10.474 
Plaster and Stone Remover Ultrasonic Cleanser A   10.345 
General Purpose Ultrasonic Cleanser  B  5.412 
Water   C 2.288 
*Levels not connected by same letter are significantly different. 
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4.2.4 Comparison of the Cleaning Solutions by Material 
 
4.2.4.1 Protemp™ Plus 
The first cycle of immersion in the cleaning solutions (Cleaning1) 
In ten minutes cleaning protocol, the Tukey test indicated that Protemp™ Plus with 
plaster and stone remover ultrasonic cleanser (PS) had more color change than those 
cleaned with water, general purpose ultrasonic cleanser (GS) or temporary cement 
remover ultrasonic cleanser (TS) or water. Protemp™ Plus-PS (p =0.0043*) combination 
revealed statistically significant differences in the color change (Table 4.66, 4.67). 
 
In three hours cleaning protocol, the Tukey test indicated that Protemp™ Plus with plster 
and stone remover ultrasonic cleanser (PS) had more color change than those cleaned 
with temporary cement remover ultrasonic cleanser (TS) or general purpose ultrasonic 
cleanser (GS) or water. Protemp™ Plus-PS (P <0.0001*) combination revealed 
statistically significant differences in the color change (Table 4.68, 4.69). 
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Table 4. 66  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for Protemp™ Plus in ten minutes cleaning protocol. 
Level Sig. * Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  1.245 
General Purpose Ultrasonic Cleanser  B 0.182 
Temporary Cement Remover Ultrasonic Cleanser  B 0.181 
Water  B 0.119 
* Levels not connected by same letter are significantly different. 
 
Table 4. 67  Report with the sorted differences for each level of LSMean of Cleaning1ΔE* for 
Protemp™ Plus in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PS Water 1.125540 0.3002411 0.305787 1.945292 0.0043* 
PS TS 1.063456 0.3002411 0.243704 1.883208 0.0073* 
PS GS 1.062796 0.3002411 0.243044 1.882548 0.0073* 
GS Water 0.062743 0.3002411 -0.757009 0.882495 0.9967 
TS Water 0.062084 0.3002411 -0.757668 0.881836 0.9968 
GS TS 0.000659 0.3002411 -0.819093 0.820411 1.0000 
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Table 4. 68  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for Protemp™ Plus in three hours cleaning protocol. 
Level Sig. * Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  9.627 
Temporary Cement Remover Ultrasonic Cleanser  B 1.515 
General Purpose Ultrasonic CLeanser  B 0.971 
Water  B 0.623 
*Levels not connected by same letter are significantly different. 
 
Table 4. 69  Report with the sorted differences for each level of LSMean of Cleaning1ΔE* for 
Protemp™ Plus in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PS Water 9.003 0.865 6.641 11.366 <.0001* 
PS GS 8.656 0.865 6.293 11.018 <.0001* 
PS TS 8.112 0.865 5.750 10.474 <.0001* 
TS Water 0.891 0.865 -1.471 3.253 0.7335 
TS GS 0.544 0.865 -1.819 2.906 0.9221 
GS Water 0.348 0.865 -2.015 2.710 0.9776 
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The third cycle of immersion in the cleaning solutions (Beverage3) 
 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Protemp™ Plus indicated a significant difference (p =0.0163*) (Table 4.70). The 
one-way ANOVA indicated significant differences among the cleansers for Protemp™ 
Plus (p =0.0051*). The Tukey test indicated that after three repeated cycles, Protemp™ 
Plus with general purpose ultrasonic cleanser (GS) had more color change than those 
cleaned with plaster and stone remover ultrasonic cleanser (PS) or temporary cement 
remover ultrasonic cleanser (TS) or water. No significant differences were found between 
the cleansers and control group (Table 4.71, 4.72).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Protemp™ Plus indicated a significant difference (p <0.0001*) (Table 4.73). The 
one-way ANOVA indicated significant differences among the cleansers for Protemp™ 
Plus (p <0.0001*). The Tukey test indicated that after three repeated cycles, Protemp™ 
Plus with plaster and stone remover ultrasonic cleanser (PS) had more color change than 
those cleaned with temporary cement remover ultrasonic cleanser (TS) or general 
purpose ultrasonic cleanser (GS) or water. Protemp™ Plus-PS (p <0.0001*) and 
Protemp™ Plus-TS (p =0.0092*) combination revealed statistically significant 
differences in the color change (Table 4.74, 4.75).  
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Table 4. 70  Effect test on Beverage3ΔE* of Protemp™ Plus in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 5.478 5.487 0.0051* 
Beverage 1 1 19.244 57.826 <.0001* 
Cleanser*Beverage 3 3 4.174 4.181 0.0163* 
 
Table 4. 71  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Protemp™ Plus in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
General Purpose Ultrasonic Cleanser A  2.010 
Water A B 1.607 
Plaster and Stone Remover Ultrasonic Cleanser A B 1.601 
Temporary Cement Remover Ultrasonic Cleanser  B 0.864 
*Levels not connected by same letter are significantly different. 
 
Table 4. 72  Report with the sorted differences for each level of LSMean of Beverage3ΔE* for 
Protemp™ Plus in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
GS TS 1.146111 0.2884390 0.350420 1.941802 0.0030* 
Water TS 0.743205 0.2884390 -0.052486 1.538896 0.0731 
PS TS 0.737325 0.2884390 -0.058365 1.533016 0.0762 
GS PS 0.408786 0.2884390 -0.386905 1.204476 0.5013 
GS Water 0.402906 0.2884390 -0.392785 1.198597 0.5134 
Water PS 0.005880 0.2884390 -0.789811 0.801571 1.0000 
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Table 4. 73  Effect test on Beverage3ΔE* of Protemp™ Plus in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 840.776 176.771 <.0001* 
Beverage 1 1 184.974 116.671 <.0001* 
Cleanser*Beverage 3 3 192.757 40.527 <.0001* 
 
Table 4. 74  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Protemp™ Plus in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A   14.068 
Temporary Cement Remover Ultrasonic Cleanser  B  3.607 
General Purpose Ultrasonic Cleanser  B C 2.116 
Water   C 1.400 
*Levels not connected by same letter are significantly different. 
 
Table 4. 75  Report with the sorted differences for each level of LSMean of Beverage3ΔE* for 
Protemp™ Plus in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PS Water 12.66832 0.6295686 10.9316 14.40505 <.0001* 
PS GS 11.95235 0.6295686 10.2156 13.68909 <.0001* 
PS TS 10.46112 0.6295686 8.7244 12.19786 <.0001* 
TS Water 2.20720 0.6295686 0.4705 3.94393 0.0092* 
TS GS 1.49123 0.6295686 -0.2455 3.22797 0.1106 
GS Water 0.71596 0.6295686 -1.0208 2.45270 0.6707 
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The third cycle of immersion in the beverage (Beverage3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Protemp™ Plus indicated a significant difference (p =0.0033*) (Table 4.76). The 
one-way ANOVA indicated significant differences among the cleansers for Protemp™ 
Plus (p =0.0109*). The Tukey test indicated that after three repeated cycles, Protemp™ 
Plus with temporary cement remover ultrasonic cleanser (TS) had more color change than 
those cleaned with general purpose ultrasonic cleanser (GS) or plaster and stone remover 
ultrasonic cleanser (PS) or water. Protemp™ Plus-TS combination revealed statistically 
significant differences in the color change (p =0.0074*) (Table 4.77, 4.78).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Protemp™ Plus indicated a significant difference (p <0.0001*) (Table 4.79). The 
one-way ANOVA indicated significant differences among the cleansers for Protemp™ 
Plus (p <0.0001*). The Tukey test indicated that after three repeated cycles, Protemp™ 
Plus with plaster and stone remover ultrasonic cleanser (PS) had more color change than 
those cleaned with temporary cement remover ultrasonic cleanser (TS) or general 
purpose ultrasonic cleanser (GS) or water. Protemp™ Plus-PS (p <0.0001*) and 
Protemp™ Plus-TS (p =0.0013*) combination revealed statistically significant 
differences in the color change (Table 4.80, 4.81). 
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Table 4. 76  Effect test on Beverage3ΔE* of Protemp™ Plus in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 4.151 4.621 0.0109* 
Beverage 1 1 100.248 334.825 <.0001* 
Cleanser*Beverage 3 3 5.424 6.038 0.0033* 
 
Table 4. 77  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Protemp™ Plus in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  3.092 
General Purpose Ultrasonic Cleanser A B 2.633 
Plaster and Stone Remover Ultrasonic Cleanser A B 2.398 
Water  B 2.107 
*Levels not connected by same letter are significantly different. 
 
Table 4. 78  Report with the sorted differences for each level of LSMean of Beverage3ΔE* for 
Protemp™ Plus in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 0.984 0.274 0.230 1.739 0.0074* 
TS PS 0.693 0.274 -0.062 1.448 0.0799 
GS Water 0.525 0.274 -0.229 1.280 0.2463 
TS GS 0.459 0.274 -0.296 1.214 0.3571 
PS Water 0.291 0.274 -0.464 1.046 0.7140 
GS PS 0.234 0.274 -0.521 0.989 0.8270 
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Table 4. 79  Effect test on Beverage3ΔE* of Protemp™ Plus in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 1195.357 43.670 <.0001* 
Beverage 1 1 605.990 66.416 <.0001* 
Cleanser*Beverage 3 3 327.023 11.947 <.0001* 
 
Table 4. 80  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Protemp™ Plus in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Plaster and Stone Remover Ultrasonic Cleanser A   17.750 
Temporary Cement Remover Ultrasonic Cleanser  B  8.374 
General Purpose Ultrasonic Cleanser   C 3.914 
Water   C 1.874 
*Levels not connected by same letter are significantly different. 
 
Table 4. 81  Report with the sorted differences for each level of LSMean of Beverage3ΔE* for 
Protemp™ Plus in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PS Water 15.876 1.510 11.709 20.042 <.0001* 
PS GS 13.836 1.510 9.670 18.002 <.0001* 
PS TS 9.375 1.510 5.209 13.542 <.0001* 
TS Water 6.500 1.510 2.334 10.667 0.0013* 
TS GS 4.461 1.510 0.294 8.627 0.0327* 
GS Water 2.040 1.510 -2.127 6.206 0.5412 
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4.2.4.2 Tempsmart™ 
The first cycle of immersion in the cleaning solutions (Cleaning1) 
In ten minutes cleaning protocol, the Tukey test indicated that Tempsmart™ with plaster 
and stone remover ultrasonic cleanser (PS) had more color change than those cleaned 
with general purpose ultrasonic cleanser (GS) or temporary cement remover ultrasonic 
cleanser (TS) or water. Tempsmart™-PS (p =0.0072*) combination revealed statistically 
significant differences in the color change (Table 4.82, 4.83). 
 
In three hours cleaning protocol, The Tukey test indicated that Tempsmart™ with 
temporary cement remover ultrasonic cleanser (TS) and plaster and stone remover 
ultrasonic cleanser (PS) had more color change than those cleaned with general purpose 
ultrasonic cleanser (GS) or water. Tempsmart™-PS (p <0.0001*) and Tempsmart™-PS 
(p =0.0001*) combination revealed statistically significant differences in the color change 
(Table 4.84, 4.85). 
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Table 4. 82  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for Tempsmart™ in ten minutes cleaning protocol. 
Level Sig. * Mean 
Plaster and Stone Remover Ultrasonic Cleanser A  1.508 
General Purpose Ultrasonic Cleanser  B 0.405 
Temporary Cement Remover Ultrasonic Cleanser  B 0.398 
Water  B 0.258 
*Levels not connected by same letter are significantly different. 
 
Table 4. 83  Report with the sorted differences for each level of LSMean of Cleaning1ΔE* for 
Tempsmart™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PS Water 1.250 0.352 0.288 2.212 0.0072* 
PS TS 1.110 0.352 0.148 2.072 0.0190* 
PS GS 1.103 0.352 0.141 2.065 0.0200* 
GS Water 0.147 0.352 -0.815 1.109 0.9751 
TS Water 0.140 0.352 -0.822 1.102 0.9784 
GS TS 0.007 0.352 -0.955 0.969 1.0000 
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Table 4. 84  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for Tempsmart™ in three hours cleaning protocol. 
Level Sig. * Mean 
Temporary Cement Remover Ultrasonic Cleanser A  12.518 
Plaster and Stone Remover Ultrasonic Cleanser A  10.068 
General Purpose Ultrasonic Cleanser  B 4.587 
Water  B 1.426 
*Levels not connected by same letter are significantly different. 
 
Table 4. 85  Report with the sorted differences for each level of LSMean of Cleaning1ΔE* for 
Tempsmart™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 11.091 1.677 6.511 15.671 <.0001* 
PS Water 8.641 1.677 4.061 13.221 0.0001* 
TS GS 7.931 1.677 3.351 12.511 0.0003* 
PS GS 5.480 1.677 0.901 10.060 0.0144* 
GS Water 3.161 1.677 -1.419 7.741 0.2575 
TS PS 2.450 1.677 -2.130 7.030 0.4738 
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The third cycle of immersion in the cleaning solutions (Cleaning3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Tempsmart™ indicated no significant difference (p =0.7699) (Table 4.86). The one-
way ANOVA indicated no significant differences among the cleansers for Tempsmart™ 
(p =0.1126) (Table 4.87, 4.88).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Tempsmart™ indicated a significant difference (p =0.0005*) (Table 4.89). The one-
way ANOVA indicated significant differences among the cleansers for Tempsmart™ (p 
<0.0001*). The Tukey test indicated that after three repeated cycles, Tempsmart™ with 
temporary cement remover ultrasonic cleanser (TS) and plaster and stone remover 
ultrasonic cleanser (PS) had more color change than those cleaned with general purpose 
ultrasonic cleanser (GS) and water. Tempsmart™-TS (p <0.0001*), Tempsmart™-PS (p 
<0.0001*) and Tempsmart™-GS (p =0.0029*) combination revealed statistically 
significant differences in the color change (Table 4.90, 4.91).  
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Table 4. 86  Effect test on Cleaning3ΔE* of Tempsmart™ in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 9.766 2.213 0.1126 
Beverage 1 1 4.696 3.193 0.0866 
Cleanser*Beverage 3 3 1.666 0.378 0.7699 
 
Table 4. 87  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Cleaning3ΔE* of Tempsmart™ in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
General Purpose Ultrasonic Cleanser A 2.558 
Plaster and Stone Remover Ultrasonic Cleanser A 2.549 
Water A 2.475 
Temporary Cement Remover Ultrasonic Cleanser A 1.254 
*Levels not connected by same letter are significantly different. 
 
Table 4. 88  Report with the sorted differences for each level of LSMean of Cleaning3ΔE* for 
Tempsmart™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
GS TS 1.304 0.606 -0.369 2.977 0.166 
PS TS 1.296 0.606 -0.377 2.968 0.170 
Water TS 1.221 0.606 -0.452 2.894 0.211 
GS Water 0.083 0.606 -1.590 1.756 0.999 
PS Water 0.074 0.606 -1.598 1.747 0.999 
GS PS 0.008 0.606 -1.664 1.681 1.000 
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Table 4. 89  Effect test on Cleaning3ΔE* of Tempsmart™ in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 816.887 37.456 <.0001* 
Beverage 1 1 97.097 13.356 0.0013* 
Cleanser*Beverage 3 3 188.745 8.654 0.0005* 
 
Table 4. 90  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Cleaning3ΔE* of Tempsmart™ in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A   16.162 
Plaster and Stone Remover Ultrasonic Cleanser A   13.330 
General Purpose Ultrasonic Cleanser  B  8.286 
Water   C 2.912 
*Levels not connected by same letter are significantly different. 
 
Table 4. 91  Report with the sorted differences for each level of LSMean of Cleaning3ΔE* for 
Tempsmart™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 13.250 1.348 9.531 16.968 <.0001* 
PS Water 10.418 1.348 6.699 14.137 <.0001* 
TS GS 7.876 1.348 4.157 11.595 <.0001* 
GS Water 5.374 1.348 1.655 9.092 0.0029* 
PS GS 5.044 1.348 1.325 8.763 0.0052* 
TS PS 2.832 1.348 -0.887 6.551 0.1815 
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The third cycle of immersion in the beverage (Beverage3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Tempsmart™ indicated a significant difference (p =0.0019*) (Table 4.92). The one-
way ANOVA indicated no significant differences among the cleansers for Tempsmart™ 
(p =0.1456) (Table 4.93, 4.94).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Tempsmart™ indicated no significant difference (p =0.0852) (Table 4.95). The one-
way ANOVA indicated significant differences among the cleansers for Tempsmart™ (p 
<0.0001*). The Tukey test indicated that after three repeated cycles, Tempsmart™-TS (p 
<0.0001*), Tempsmart™-PS (p <0.0001*) and Tempsmart™-GS (p =0.0031*) 
combination revealed statistically significant differences in the color change (Table 4.96, 
4.97).  
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Table 4. 92  Effect test on Beverage3ΔE* of Tempsmart™ in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 12.158 1.969 0.1456 
Beverage 1 1 227.341 110.451 <.0001* 
Cleanser*Beverage 3 3 41.292 6.687 0.0019* 
 
Table 4. 93  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Tempsmart™ in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A 5.462 
General Purpose Ultrasonic Cleanser A 4.196 
Plaster and Stone Remover Ultrasonic Cleanser A 4.024 
Water A 3.942 
*Levels not connected by same letter are significantly different. 
 
Table 4. 94  Report with the sorted differences for each level of Beverage3ΔE* for Tempsmart™ in 
ten minutes cleaning protocol, together with standard of error of the difference, confidence limits 
and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 1.520 0.717 -0.459 3.498 0.1760 
TS PS 1.438 0.717 -0.541 3.417 0.2143 
TS GS 1.266 0.717 -0.713 3.244 0.3144 
GS Water 0.254 0.717 -1.725 2.233 0.9844 
GS PS 0.172 0.717 -1.807 2.151 0.9950 
PS Water 0.082 0.717 -1.897 2.061 0.9995 
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Table 4. 95  Effect test on Beverage3ΔE* of Tempsmart™ in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 1413.538 14.627 <.0001* 
Beverage 1 1 784.978 24.368 <.0001* 
Cleanser*Beverage 3 3 239.884 2.482 0.0852 
 
Table 4. 96  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Tempsmart™ in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  20.354 
Plaster and Stone Remover Ultrasonic Cleanser A  19.408 
General Purpose Ultrasonic Cleanser A  14.831 
Water  B 3.626 
*Levels not connected by same letter are significantly different. 
 
Table 4. 97  Report with the sorted differences for each level of Beverage3ΔE* for Tempsmart™ in 
three hours cleaning protocol, together with standard of error of the difference, confidence limits and 
p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 16.72765 2.837846 8.89914 24.55616 <.0001* 
PS Water 15.78171 2.837846 7.95320 23.61022 <.0001* 
GS Water 11.20484 2.837846 3.37633 19.03335 0.0031* 
TS GS 5.52281 2.837846 -2.30570 13.35132 0.2362 
PS GS 4.57687 2.837846 -3.25164 12.40538 0.3906 
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4.2.4.3 Jet Tooth Shade™ 
The first cycle of immersion in the cleaning solutions (Cleaning1) 
In both ten minutes and three hours cleaning protocol, the Tukey test indicated that there 
were no statistically significant differences in the color change of the Jet Tooth Shade™ 
specimens exposed to the different cleaning solutions and the control solution. (Table 
4.98~4.101). 
Table 4. 98  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for Jet Tooth Shade™ in ten minutes cleaning protocol. 
Level Sig. * Mean 
Plaster and Stone Remover Ultrasonic Cleanser A 1.201 
Temporary Cement Remover Ultrasonic Cleanser A 1.127 
Water A 1.119 
General Purpose Ultrasonic Cleanser A 1.096 
*Levels not connected by same letter are significantly different. 
 
Table 4. 99  Report with the sorted differences for each level of Cleaning1ΔE* for Jet Tooth Shade™ 
in ten minutes cleaning protocol, together with standard of error of the difference, confidence limits 
and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
PS GS 0.105 0.064 -0.071 0.281 0.380 
PS Water 0.083 0.064 -0.093 0.258 0.580 
PS TS 0.074 0.064 -0.102 0.250 0.662 
TS GS 0.031 0.064 -0.145 0.206 0.964 
Water GS 0.022 0.064 -0.154 0.198 0.986 
TS Water 0.009 0.064 -0.167 0.184 0.999 
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Table 4. 100  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for Jet Tooth Shade™ in three hours cleaning protocol. 
Level Sig. * Mean 
Temporary Cement Remover Ultrasonic Cleanser A 1.225 
Water A 1.220 
General Purpose Ultrasonic Cleanser A 1.154 
Plaster and Stone Remover Ultrasonic Cleanser A 1.146 
*Levels not connected by same letter are significantly different. 
 
Table 4. 101  Report with the sorted differences for each level of Cleaning1ΔE* for Jet Tooth 
Shade™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS PS 0.079 0.113 -0.230 0.389 0.8972 
Water PS 0.075 0.113 -0.235 0.384 0.9115 
TS GS 0.071 0.113 -0.239 0.380 0.9237 
Water GS 0.066 0.113 -0.243 0.376 0.9358 
GS PS 0.008 0.113 -0.301 0.318 0.9999 
TS Water 0.004 0.113 -0.301 0.314 1.0000 
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The third cycle of immersion in the cleaning solutions (Cleaning3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Jet Tooth Shade™ indicated no significant difference (p =0.1155) (Table 4.102). The 
one-way ANOVA indicated no significant differences among the cleansers for Jet Tooth 
Shade™ (p =0.1705) (Table 4.103, 4.104).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Jet Tooth Shade™ indicated no significant difference (p =0.1023) (Table 4.105). The 
one-way ANOVA indicated significant differences among the cleansers for Jet Tooth 
Shade™ (p =0.0034*). The Tukey test indicated that after three repeated cycles, Jet 
Tooth Shade™ with water had more color change than those cleaned with general 
purpose ultrasonic cleanser (GS) or plaster and stone remover ultrasonic cleanser (PS) or 
temporary cement remover ultrasonic cleanser (TS) (Table 4.106, 4.107).  
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Table 4. 102  Effect test on Cleaning3ΔE* of Jet Tooth Shade™ in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 0.138 1.820 0.1705 
Beverage 1 1 0.314 12.384 0.0018* 
Cleanser*Beverage 3 3 0.166 2.189 0.1155 
 
Table 4. 103  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Cleaning3ΔE* of Jet Tooth Shade™ in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Water A 0.894 
General Purpose Ultrasonic Cleanser A 0.817 
Plaster and Stone Remover Ultrasonic Cleanser A 0.790 
Temporary Cement Remover Ultrasonic Cleanser A 0.710 
*Levels not connected by same letter are significantly different. 
 
Table 4. 104  Report with the sorted differences for each level of Cleaning3ΔE* for Jet Tooth 
Shade™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
Water TS 0.184 0.080 -0.035 0.404 0.123 
GS TS 0.106 0.080 -0.113 0.326 0.549 
Water PS 0.104 0.080 -0.116 0.323 0.569 
PS TS 0.080 0.080 -0.139 0.300 0.746 
Water GS 0.078 0.080 -0.142 0.297 0.765 
GS PS 0.026 0.080 -0.193 0.246 0.987 
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Table 4. 105  Effect test on Cleaning3ΔE* of Jet Tooth Shade™ in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 0.802 5.996 0.0034* 
Beverage 1 1 0.073 1.633 0.2135 
Cleanser*Beverage 3 3 0.309 2.306 0.1023 
 
Table 4. 106  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Cleaning3ΔE* of Jet Tooth Shade™ in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Water A  1.859 
General Purpose Ultrasonic Cleanser A  1.755 
Plaster and Stone Remover Ultrasonic Cleanser A  1.748 
Temporary Cement Remover Ultrasonic Cleanser  B 1.436 
*Levels not connected by same letter are significantly different. 
 
Table 4. 107  Report with the sorted differences for each level of Cleaning3ΔE* for Jet Tooth 
Shade™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
Water TS 0.423 0.106 0.132 0.714 0.0027* 
GS TS 0.319 0.106 0.027 0.610 0.0283* 
PS TS 0.312 0.106 0.021 0.604 0.0324* 
Water PS 0.111 0.106 -0.181 0.402 0.7241 
Water GS 0.104 0.106 -0.187 0.396 0.7582 
GS PS 0.006 0.106 -0.285 0.298 0.9999 
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The third cycle of immersion in the beverage (Beverage3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Jet Tooth Shade™ indicated a significant difference (p =0.0087*) (Table 4.108). The 
one-way ANOVA indicated significant differences among the cleansers for Jet Tooth 
Shade™ (p =0.0004*). The Tukey test indicated that after three repeated cycles, Jet 
Tooth Shade™ with water had more color change than those cleaned with general 
purpose ultrasonic cleanser (GS) or plaster and stone remover ultrasonic cleanser (PS) or 
temporary cement remover ultrasonic cleanser (TS) (Table 4.109, 4.110).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and Jet Tooth Shade™ indicated a significant difference (p <0.0001*) (Table 4.111). The 
one-way ANOVA indicated significant differences among the cleansers for Jet Tooth 
Shade™ (p <0.0001*). The Tukey test indicated that after three repeated cycles, Jet 
Tooth Shade™ with water and temporary cement remover ultrasonic cleanser (TS) had 
more color change than those cleaned with plaster and stone remove ultrasonic cleanser 
(PS) or general purpose ultrasonic cleanser (GS) (Table 4.112, 4.113). 
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Table 4. 108  Effect test on Beverage3ΔE* of Jet Tooth Shade™ in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 0.903 8.776 0.0004* 
Beverage 1 1 2.971 86.605 <.0001* 
Cleanser*Beverage 3 3 0.501 4.871 0.0087* 
 
Table 4. 109  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Jet Tooth Shade™ in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Water A  1.222 
General Purpose Ultrasonic Cleanser A B 0.995 
Plaster and Stone Remover Ultrasonic Cleanser  B 0.859 
Temporary Cement Remover Ultrasonic Cleanser  B 0.779 
*Levels not connected by same letter are significantly different. 
 
Table 4. 110  Report with the sorted differences for each level of Beverage3ΔE* for Jet Tooth 
Shade™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
Water TS 0.443 0.093 0.188 0.699 0.0004* 
Water PS 0.363 0.093 0.108 0.618 0.0034* 
Water GS 0.227 0.093 -0.028 0.483 0.0934 
GS TS 0.216 0.093 -0.039 0.472 0.1186 
GS PS 0.136 0.093 -0.120 0.391 0.4736 
PS TS 0.080 0.093 -0.175 0.336 0.8209 
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Table 4. 111  Effect test on Beverage3ΔE* of Jet Tooth Shade™ in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 3.300 22.382 <.0001* 
Beverage 1 1 0.090 1.832 0.1885 
Cleanser*Beverage 3 3 4.726 32.058 <.0001* 
 
Table 4. 112  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of Jet Tooth Shade™ in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Water A  1.571 
Temporary Cement Remover Ultrasonic Cleanser A  1.563 
Plaster and Stone Remover Ultrasonic Cleanser  B 0.937 
General Purpose Ultrasonic Cleanser  B 0.913 
*Levels not connected by same letter are significantly different. 
 
Table 4. 113  Report with the sorted differences for each level of Beverage3ΔE* for Jet Tooth 
Shade™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
Water GS 0.658 0.111 0.352 0.963 <.0001* 
TS GS 0.650 0.111 0.344 0.955 <.0001* 
Water PS 0.634 0.111 0.329 0.940 <.0001* 
TS PS 0.626 0.111 0.321 0.932 <.0001* 
PS GS 0.023 0.111 -0.282 0.329 0.9966 
Water TS 0.008 0.111 -0.298 0.314 0.9999 
 149 
4.2.4.4 VITA CAD-Temp™ 
The first cycle of immersion in the cleaning solutions (Cleaning1) 
In ten minutes cleaning protocol, the Tukey test indicated that VITA CAD-Temp™ with 
temporary cement remover ultrasonic cleanser (TS) had more color change than those 
cleaned with plaster and stone remover ultrasonic cleanser (PS) or general purpose 
ultrasonic cleanser (GS) or water. VITA CAD-Temp™-TS (p =0.0015*) combination 
revealed statistically significant differences in the color change (Table 4.114, 4.115). 
 
In three hours cleaning protocol, The Tukey test indicated that VITA CAD-Temp™ with 
temporary cement remover ultrasonic cleanser (TS) had more color change than those 
cleaned with plaster and stone remover ultrasonic cleanser (PS) or general purpose 
ultrasonic cleanser (GS) or water. VITA CAD-Temp™-TS (p <0.0001*) combination 
revealed statistically significant differences in the color change (Table 4.116, 4.117). 
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Table 4. 114  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for VITA CAD-Temp™ in ten minutes cleaning protocol. 
Level Sig. * Mean 
Temporary Cement Remover Ultrasonic Cleanser A  1.187 
Plaster and Stone Remover Ultrasonic Cleanser  B 1.079 
General Purpose Ultrasonic Cleanser  B 1.048 
Water  B 1.038 
*Levels not connected by same letter are significantly different. 
 
Table 4. 115  Report with the sorted differences for each level of Cleaning1ΔE* for VITA CAD-
Temp™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 0.149 0.036 0.051 0.246 0.0015* 
TS GS 0.138 0.036 0.041 0.236 0.0032* 
TS PS 0.108 0.036 0.011 0.206 0.0256* 
PS Water 0.040 0.036 -0.057 0.138 0.6746 
PS GS 0.030 0.036 -0.068 0.128 0.8344 
GS Water 0.010 0.036 -0.087 0.108 0.9914 
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Table 4. 116  The result of Tukey HSD (Honestly Significant Difference) pair-wise comparison test of 
Cleaning1ΔE* for VITA CAD-Temp™ in three hours cleaning protocol. 
Level Sig. * Mean 
Temporary Cement Remover Ultrasonic Cleanser A  5.115 
Plaster and Stone Remover Ultrasonic Cleanser  B 2.166 
General Purpose Ultrasonic Cleanser  B 2.038 
Water  B 1.998 
*Levels not connected by same letter are significantly different. 
 
Table 4. 117  Report with the sorted differences for each level of Cleaning1ΔE* for VITA CAD-
Temp™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 3.118 0.068 2.932 3.303 <.0001* 
TS GS 3.077 0.068 2.892 3.263 <.0001* 
TS PS 2.949 0.068 2.764 3.135 <.0001* 
PS Water 0.168 0.068 -0.017 0.354 0.0855 
PS GS 0.128 0.068 -0.057 0.314 0.2573 
GS Water 0.040 0.068 -0.145 0.226 0.9332 
 
The third cycle of immersion in the cleaning solutions (Cleaning3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and VITA CAD-Temp™ indicated no significant difference (p =0.2733) (Table 4.118). 
The one-way ANOVA indicated significant differences among the cleansers for VITA 
CAD-Temp™ (p <0.0001*). The Tukey test indicated that after three repeated cycles, 
VITA CAD-Temp™ with temporary cement remover ultrasonic cleanser (TS) had more 
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color change than those cleaned with plaster and stone remover ultrasonic cleanser (PS) 
or general purpose ultrasonic cleanser (GS). VITA CAD-Temp™-TS (p <.0001*) and 
VITA CAD-Temp™-PS (p =0.0299*) combination revealed statistically significant 
differences in the color change (Table 4.119, 4.120).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and VITA CAD-Temp™ indicated no significant difference (p =0.0860) (Table 4.121). 
The one-way ANOVA indicated significant differences among the cleansers for VITA 
CAD-Temp™ (p <0.0001*). The Tukey test indicated that after three repeated cycles, 
VITA CAD-Temp™ with temporary cement remover ultrasonic cleanser (TS) had more 
color change than those cleaned with plaster and stone remover ultrasonic cleanser (PS) 
or general purpose ultrasonic cleanser (GS) or water. VITA CAD-Temp™-TS (p 
<0.0001*) combination revealed statistically significant differences in the color change 
(Table 4.122, 4.123).  
 
 
 
 
 
 
 153 
Table 4. 118  Effect test on Cleaning3ΔE* of VITA CAD-Temp™ in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleaner 3 3 0.437 17.038 <.0001* 
Beverage 1 1 0.175 20.495 0.0001* 
Cleanser*Beverage 3 3 0.035 1.379 0.2733 
 
Table 4. 119  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Cleaning3ΔE* of VITA CAD-Temp™ in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A   0.635 
Plaster and Stone Remover Ultrasonic Cleanser  B  0.468 
General Purpose Ultrasonic Cleanser  B C 0.376 
Water   C 0.329 
*Levels not connected by same letter are significantly different. 
 
Table 4. 120  Report with the sorted differences for each level of Cleaning3ΔE* for VITA CAD-
Temp™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 0.306 0.046 0.178 0.434 <.0001* 
TS GS 0.259 0.046 0.132 0.387 <.0001* 
TS PS 0.167 0.046 0.040 0.295 0.0070* 
PS Water 0.138 0.046 0.011 0.266 0.0299* 
PS GS 0.092 0.046 -0.036 0.219 0.2219 
GS Water 0.047 0.046 -0.081 0.174 0.7452 
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Table 4. 121  Effect test on Cleaning3ΔE* of VITA CAD-Temp™ in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 244.906 411.574 <.0001* 
Beverage 1 1 0.044 0.220 0.6434 
Cleanser*Beverage 3 3 1.472 2.473 0.0860 
 
Table 4. 122  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Cleaning3ΔE* of VITA CAD-Temp™ in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  8.477 
Plaster and Stone Remover Ultrasonic Cleanser  B 2.410 
General Purpose Ultrasonic Cleaser  B 1.991 
Water  B 1.908 
*Levels not connected by same letter are significantly different. 
 
Table 4. 123  Report with the sorted differences for each level of Cleaning3ΔE* for VITA CAD-
Temp™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 6.569 0.223 5.954 7.183 <.0001* 
TS GS 6.486 0.223 5.872 7.100 <.0001* 
TS PS 6.067 0.223 5.452 6.681 <.0001* 
PS Water 0.502 0.223 -0.112 1.116 0.1376 
PS GS 0.419 0.223 -0.195 1.034 0.2618 
GS Water 0.083 0.223 -0.532 0.697 0.9822 
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The third cycle of immersion in the beverage (Beverage3) 
In ten minutes cleaning protocol, the two-way ANOVA interaction among the cleansers 
and VITA CAD-Temp™ indicated no significant difference (p <0.0001*) (Table 4.124). 
The one-way ANOVA indicated significant differences among the cleansers for VITA 
CAD-Temp™ (p <0.0001*). The Tukey test indicated that after three repeated cycles, 
VITA CAD-Temp™ with temporary cement remover ultrasonic cleanser (TS) had more 
color change than those cleaned with plaster and stone remover ultrasonic cleanser (PS) 
or general purpose ultrasonic cleanser (GS). VITA CAD-Temp™-TS combination 
revealed statistically significant differences in the color change (p <0.0001*) (Table 
4.125, 4.126).  
 
In three hours cleaning protocol, the two-way ANOVA interaction among the cleansers 
and VITA CAD-Temp™ indicated a significant difference (p <0.0001*) (Table 4.127). 
The one-way ANOVA indicated significant differences among the cleansers for VITA 
CAD-Temp™ (p <0.0001*). The Tukey test indicated that after three repeated cycles, 
VITA CAD-Temp™ with temporary cement remover ultrasonic cleanser (TS) had more 
color change than those cleaned with plaster and stone remover ultrasonic cleanser (PS) 
or water or general purpose ultrasonic cleanser (GS). VITA CAD-Temp™-TS 
combination revealed statistically significant differences in the color change (p <0.0001*) 
(Table 4.128, 4.129). 
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Table 4. 124  Effect test on Beverage3ΔE* of VITA CAD-Temp™ in ten minutes cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleaner 3 3 17.758 63.270 <.0001* 
Beverage 1 1 7.472 79.867 <.0001* 
Cleanser*Beverage 3 3 12.479 44.460 <.0001* 
 
Table 4. 125  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of VITA CAD-Temp™ in ten minutes cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A  2.304 
Plaster and Stone Remover Ultrasonic Cleanser  B 0.702 
General Purpose Ultrasonic Cleanser  B 0.576 
Water  B 0.498 
*Levels not connected by same letter are significantly different. 
 
Table 4. 126  Report with the sorted differences for each level of Beverage3ΔE* for VITA CAD-
Temp™ in ten minutes cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS Water 1.806 0.153 1.384 2.228 <.0001* 
TS GS 1.728 0.153 1.306 2.150 <.0001* 
TS PS 1.602 0.153 1.180 2.024 <.0001* 
PS Water 0.205 0.153 -0.217 0.627 0.5485 
PS GS 0.127 0.153 -0.295 0.549 0.8407 
GS Water 0.078 0.153 -0.344 0.500 0.9558 
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Table 4. 127  Effect test on Beverage3ΔE* of VITA CAD-Temp™ in three hours cleaning protocol. 
Source Nparm DF Sum of Squares F Ratio Prob > F 
Cleanser 3 3 511.165 204.113 <.0001* 
Beverage 1 1 52.963 63.446 <.0001* 
Cleanser*Beverage 3 3 51.373 20.514 <.0001* 
 
Table 4. 128  Connective letter report of Tukey HSD (Honestly Significant Difference) multiple 
comparison test on Beverage3ΔE* of VITA CAD-Temp™ in three hours cleaning protocol. 
Level Sig. * Least Sq Mean 
Temporary Cement Remover Ultrasonic Cleanser A   11.605 
Plaster and Stone Remover Ultrasonic Cleanser  B  3.284 
Water  B C 2.079 
General Purpose Ultrasonic Cleanser   C 1.990 
*Levels not connected by same letter are significantly different. 
 
Table 4. 129  Report with the sorted differences for each level of Beverage3ΔE* for VITA CAD-
Temp™ in three hours cleaning protocol, together with standard of error of the difference, 
confidence limits and p-value. 
Level - Level Difference Std Err Dif Lower CL Upper CL p-Value 
TS GS 9.615 0.457 8.355 10.876 <.0001* 
TS Water 9.526 0.457 8.266 10.787 <.0001* 
TS PS 8.321 0.457 7.061 9.581 <.0001* 
PS GS 1.294 0.457 0.034 2.555 0.0426* 
PS Water 1.205 0.457 -0.055 2.466 0.0644 
Water GS 0.089 0.457 -1.171 1.349 0.9973 
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Chapter 5 – DISCUSSION 
 
5.1 Overview 
 
The prime concern of patients during any restorative procedure is esthetics and function. 
Temporary restorations are intended for the time between tooth preparation and before 
the fit and insertion of the final prosthesis. Even during the time when temporary 
restorations are being present in the mouth, esthetics is of importance. Along with 
restoration of function, color stability of these temporary restorative materials also 
becomes an important consideration during prosthodontic rehabilitation when involving 
an esthetic zone or when intended to be worn for extended periods of time. 
 
Temporary crowns are typically fabricated from one of the available methyl or bis-acryl 
resins, each of them having a slightly different proprietary chemistry and properties. 
Regardless of their chemistry, dental polymers do undergo a certain amount of adsorption 
of the liquids from the surrounding environment and hence tend to change color over 
time. Discolorations of restorative materials could be due to various factors such as food 
colorants, drinks, oral habits or even mouth rinses that are commonly prescribed to 
patients for maintenance of a healthy oral environment. 
 
Various studies have been documented in the literature on the color stability of different 
temporary crown materials with numerous staining agents and denture cleansers. 
However, there is no study available about the effect of clinical cleaning solutions on the 
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color stability of temporary restorative materials. Hence, this study has been designed to 
significantly evaluate the color stability of four commercially available temporary 
restorative materials in three different clinical cleaning solutions and one beverage, and 
also their difference at varying time intervals to simulate to the extended treatment 
periods of time. 
 
5.2 Interpretation of Color Changes; Levels of Perceptibility and 
Acceptability 
 
The aim of the study was to observe whether the experimental materials showed 
perceptible color changes upon exposure to cleansers and beverage rather than just 
statistically significant color differences. Perceptible color changes may compromise the 
clinical acceptability of a temporary restoration.  
 
It was confirmed that lighter materials discolor more markedly than darker ones. It is for 
this reason that the specimens used in this experiment were selected to be fabricated from 
shade A2 to exhibit the staining effect more distinctly (Mutlu-Sagesen L et al. 2005).  
 
Various studies have reported different thresholds of color difference values above which 
the color change is perceptible and acceptable to the human eye. The value of ΔE* 
represents relative color changes that an observer might report for the materials after 
treatment or between time periods. Thus, ΔE* is more meaningful than the individual L*, 
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a*and b* values. It has been reported by Kuehni and Marcus and Seghi et al. that a ΔE* 
value equal to 1 is considered visually detectable 50% of the time, whereas a ΔE* value 
greater than 2 is detectable 100% of the time. Um and Ruyter also suggested that the ΔE* 
value of 1 unit is ‘‘visually perceptible’’. The literature indicates that with visual 
inspection there is another threshold regarding color stability of the materials. This 
threshold is considered to be at higher levels of ΔE* and justifies the clinical 
acceptability of stained materials. Johnston and Kao evaluated the assessment of 
appearance match by visual observation and clinical colorimetry and stated that the 
average color difference between compared teeth rated as a ‘‘match’’ in the oral 
environment was 3.7 (ΔE*). A ΔE* value of 3.7 or less is considered to be visually 
imperceptible as well as clinically acceptable. In our study, discoloration below or above 
the value ΔE* = 3.7 is referred to as ‘acceptable’ or ‘unacceptable’, respectively (Funda 
Bayindir et al. 2012; Um CM and Ruyter IE 1991; Johnston WM and Kao EC 1989; 
Seghi RR et al. 1989; Kuehni RG and Marcus RT 1979). 
 
5.3 Total Color Changes 
 
After the first cycle of the immersion in the cleaning solution (Cleaning1), there were 
marked differences in the total color changes displayed by Protemp™ Plus-PS, 
Tempsmart™-TS, Tempsmart™-GS, Tempsmart™-PS and VITA CAD-Temp™-TS 
combinations in three hours cleaning protocol, which demonstrated unacceptable color 
changes with a mean Cleaning1ΔE* value greater than 3.7. VITA CAD-Temp™-water, 
 161 
VITA CAD-Temp™-GS and VITA CAD-Temp™-PS combinations showed just 
perceptible color changes with ΔE* values of greater than 2.0 but less than 2.5. 
 
In cleaning solution repeated cycles (Cleaning1, Cleaning2, Cleaning3), all four 
temporary restorative materials (Protemp™ Plus, Tempsmart™, Jet Tooth Shade™ and 
VITA CAD-Temp™) demonstrated clinically acceptable color changes for all cleaning 
solutions in ten minutes cleaning protocol, especially for Jet Tooth Shade™ and VITA 
CAD-Temp™ revealing imperceptible color changes. In three hours cleaning protocol, 
Protemp-PS, Tempsmart™-TS, Tempsmart™-GS, Tempsmart™-PS and VITA CAD-
Temp™-TS combinations showed clinically unacceptable color changes over all three 
repeated cycles.  
 
In beverage repeated cycles (Beverage1, Beverage2, Beverage3), Jet Tooth Shade™ 
demonstrated imperceptible color changes for all cleaning solutions in both cleaning 
protocols. In ten minutes cleaning protocol, Tempsmart™-GS and Tempsmart™-PS 
combinations revealed clinically unacceptable color change after the second cycle 
(Beverage2); Tempsmart™-TS, Tempsmart™-GS and Tempsmart™-PS specimens 
discolored even more and showed clinically unacceptable color changes with a mean ΔE* 
value of greater than 3.7 after the third cycle. In three hours cleaning protocol, Protemp-
TS, Protemp-PS, Tempsmart™-TS, Tempsmart™-GS, Tempsmart™-PS and VITA 
CAD-Temp™-TS showed clinically unacceptable color changes over all three repeated 
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cycles; Protemp-GS showed a mean ΔE* value of greater than 3.7 since the third cycle 
(Beverage3). 
 
5.3.1 Factors Affecting Color Stability 
 
The results from the study indicate that the polymethyl methacrylate Jet Tooth Shade™ is 
more color stable compared to Protemp™ Plus, Tempsmart™ and VITA CAD-Temp™ 
tested upon immersion in cleansers and beverage. With tea and coffee immersion for 
thirty days, Yannikakis et al also found the methacrylates (Jet, Caulk TBR, SR-Ivocron 
PE) to be more color stable compared to materials with different chemistry such as the 
composite based resin tested-Protemp Garant, Luxatemp Solar, Provipont DC. Crispin 
and Caputo demonstrated that the methacrylates were more color stable compared to 
other materials tested following immersion in tea-coffee and grape staining solutions for 
60 days. In a study to determine the effects of different drinks on stainability of resin 
composite temporary restorative materials, Gulerb et al, noted that after twenty four hours 
immersion in tea and coffee solutions, Protemp II specimens like the other resin based 
composite materials tested showed perceptible color changes (Guler AU et al. 2005; 
Yannikakis SA et al. 1998; Crispin BJ and Caputo AA 1979). 
 
Smales and Gerke suggested that the staining of resin-based composite surfaces is a 
complex phenomenon that can involve several mechanisms. Tea may stain materials by 
adsorption of its polar colorants onto the surface of the materials according to Um and 
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Ruyter. In addition, most bis-acryl polymers are more polar than the methacrylate resin 
polymers and therefore have a greater affinity towards water and other polar colorants 
such as in juice. This could account for the degree of color change seen in Protemp™ 
Plus and Tempsmart™ when exposed to the different cleansers and beverage. Protemp™ 
Plus and Tempsmart™ are auto-polymerizing composite resin-based material thus 
chemical discoloration of the material itself may also have occurred (intrinsic 
discoloration). Chemical discoloration is attributed to the oxidation of the polymer matrix 
or oxidation of the un-reacted double bonds. The immersion of composites in water for a 
prolonged period may irreversibly affect their color. Also, due to the heterogeneity of bis-
acrylic resins, the pigmenting solution is capable of infiltrating into the midst of the small 
particles of material, thus causing a greater level of pigmentation. The composite-based 
resins can absorb water at a higher rate because of a high diffusion coefficient in 
comparison to methyl methacrylatebased resins (José Vitor Quinelli MAZARO et al. 
2015; Funda Bayindir et al. 2012; Haselton DR et al. 2005). 
 
Denture cleansers typically contain a combination of ingredients including oxidizing, 
effervescing, and chelating agents along with detergents and enzymes. Alkaline perborate 
and sodium perborate monopersulfate are commonly used oxidizing (bleaching) agents 
for stain removal. Perborate, carbonate, or citric acids are effervescing agents within the 
cleansing tablets that aid in dissolving the tablets in water and provide a weak cleansing 
action. EDTA is a chelating agent used to remove tartar from the denture surface. 
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Detergents are used to reduce the surface tension on the acrylic resin surface to aid the 
other ingredients in stain and tartar removal (Scott Hollis et al. 2015). 
 
The main component of general purpose ultrasonic cleaning solution (GS) is isopropyl 
alcohol in this study. Alcohol has been attributed to softening of polymer matrix that 
result in partial removal of the surface layer. Removal of the resin matrix result in the 
degradation of the filler-matrix interface, which contributed to decrease in hardness 
values and may also contribute to the color change (Soderholm K and Robert MJ 1990; 
Soderholm K 1982). 
 
Protemp™ Plus and Tempsmart™ specimens in this study were getting whitened after 
the first cycle of the immersion in temporary cement remover ultrasonic cleaning solution 
(TS) in three hours protocol relative to those in ten minutes protocol. Besides, VITA 
CAD-Temp™ specimens had no marked color changes in all cleansers over all the period 
except for temporary cement remover ultrasonic cleanser (TS) in both ten minutes and 
three hours protocols. Somil Mathur mentioned if the cleaning solutions were not 
correctly used, denture base polymers might undergo color change. Whitening of the 
prosthesis occurs because of high temperature of the water.  Similarly, chemicals, like hot 
alkaline peroxide solutions, produce water sorption, results in irreversible surface 
whitening. We suspected when temporary restorative materials were immersed in 
temporarycement remover ultrasonic cleanser (TS) with the main ingredient sodium 
hydroxide for extended time, the material structure had the possibility to show an 
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irreversible damage which needs further micro analysis.  Moreover, Faiza Amin 
mentioned the most critical parameter using chemical disinfectants is the total contact 
time the test material has with the disinfectant. Along with the type of material to be 
disinfected, the contact time with the disinfectant, which is related to the immersion cycle 
and time, is an extensively variable concern (Faiza Amin et al. 2014; Somil Mathur et al. 
2013). 
 
5.3.2 Limitation 
 
The present study had the following limitations. 
1. The specimen surfaces were flat, whereas, clinically, temporary restorations will have 
an irregular shape with convex and concave surfaces. 
2. Temporary cement remover ultrasonic cleaning solution, general purpose ultrasonic 
cleaning solution, plaster and stone remover ultrasonic cleaning solution and 
blueberry beverage were used in this study to evaluate color stability of the 
experimental materials; however, temporary materials may be exposed to various 
other food-staining substances in the oral environment, and other brand’s clinical 
cleaners during treatment. In addition, other factors could also influence the degree of 
total color change including thermal cycling, abrasion and polishing techniques. 
These factors should be considered in future studies. 
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Chapter 6 – CONCLUSIONS 
 
Color stability of four temporary restorative materials were evaluated during three 
repeated cycles of immersion in different clinical cleaning solutions and beverage. Within 
the limitations of this study, the following conclusions are drawn. 
• Type of temporary restorative materials, cleaning solutions, cycles and immersion 
time of cleansers are significant factors that can affect color stability of the four 
temporary restorative materials tested. 
• Among cleansers, the greatest color change was produced by plaster and stone 
remover ultrasonic cleanser (PS) and temporary cement remover ultrasonic 
cleanser (TS) in both ten minutes and three hours cleaning protocols.  
• Under the conditions of this study, Jet Tooth Shade™ was more color stable 
compared to Protemp™ Plus, Tempsmart™ and VITA CAD-Temp™. 
Tempsmart™ displayed greater color change by cleansers and beverage. 
• In ten minutes cleaning protocol, the color changes in all four temporary 
restorative materials were demonstrated clinically acceptable color changes for all 
cleaning solutions during the three repeated cycles. 
 
Based on the results of this study, it is recommended that: 
• In situations where color stability of temporary restorative restorations is a major 
factor in the choice of the material, Jet Tooth Shade™ is recommended above 
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Protemp™ Plus and Tempsmart™ as it proved to be more color stable under the 
conditions of this study. 
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